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PHARMACOPHORE RECOMBINATION FOR THE IDENTIFICATION OF 
SMALL MOLECULE DRUG LEAD COMPOUNDS 

FIELD OF T HE INVF1VTTOM 

The present invention is ditecKd ,o nove, m e,hods for identifying smalI 
molecule drug lead compounds. 

' 5 OM50 3 r S ^ZT made G °~' ^ """" °«« No. R01 

°r, i by the Na,i ° nai institutes ° f Hea,th - ^ °°™ - «— - 

nghts to this invention. 
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IT d ^ Vari0,,S ma ' adieS ' ^ raediCa ' " <™» l» 

de^opec. a nun^er of different strategies for ^ 

apenttc drugs. For the mo s, pat. these strategies „ upon 

z::: : : " iden,iflcauon ° f ^ -~ «- • *- 

^ »rg , ntolocnie. Once identified, these Uganda may (hen can y olIt « 

fune ons by gating, inhibiting or otherwiM ^ ^ ^ ^ 

target to which they bind. 

In one such strategy, new therapeutic drugs „ identified by screening 

~" ,ib T of symhe,ic sma " "° « — ^ 

^ o.pou d(s) have the highest proh ab i,ity of providing a „ effective therepeutic end 
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Gordon et al., J. Med. Chen, 37:1385-1401 (1994), Czarnik and Ellman, Acc. Chem 
Res. 29:112-170 (1996), Thompson and Ellman, Chem. Rev. 96:555-600 (1996) and 
Balkenhohl et al., Angew. Chem. Int. Ed. 35:2288-2337 (1996)). However, this 
process is not only time consuming and costly, it often does not provide for the 
5 successful identification of a small molecule compound having sufficient therapeutic 
potency for the desired application. For example, while the preparation and evaluation 
of combinatorial libraries of small molecules has proven somewhat useful for new 
drug discovery, the identification of small molecules for difficult molecular targets 
(e.g., such as those useful for blocking or otherwise taking part in protein-protein 
1 0 interactions) has not been pajticularly effective (Brown, Molecular Diversity 2 217- 
222 (1996)). 

One issue that limits the success of combinatorial library approaches is that it is 
pos S1 ble to synthesize only a very small fraction of the possible number of small 
molecules. For example, greater than 10" different small molecules having valid 
5 chemical structures and molecular weights under 600 daltons can be envisioned 
However, even the most ambitious of small molecule combinatorial library efforts 
have been able to generate libraries of only tens to hundreds of millions of different 
compounds for testing. Therefore, combinatorial technology allows one to test only a 
very small subset of the possible small molecules, thereby resulting in a high 
probability that the most potent small molecule compounds will be missed Thus 
suitable small molecule compounds having the required availability, activity or 
chem,cal and/or structural properties often cannot be found. Moreover, even when 
such small molecule compounds are available, optimization of those compounds to 
.dem.fy an effective therapeutic often requires the synthesis of an extremely large 
number of structural analogs and/or prior knowledge of the structure of the molecular 
target for that compound. Furthermore, screening large combinatorial libraries of 
potential binding compounds to identify a lead compound for optimization can be 
difficult and time-consuming because each and every member of the library must be 
tested. It is evident, therefore, that novel methods for rapidly t and efficiently 
identifying new small molecule drug leads are needed. 

Living organisms evolve through a process that includes both (1) genetic 
recombination, where sexual reproduction acts to mix and recombine the attributes of 
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the parent organisms to provide progeny having attributes of both parents, and (2) 
natural selection, where only those progeny that are sufficiently "fit" are capable of 
passing their attributes on to the next generation. Approaches that closely model the 
process by which organism evolve have previously been reported for identifying small 
> molecules that bind to receptors and enzymes (Weber et al., Angew. Chem. Int. Ed. 
Engl. 34:2280-2282 (1995) and Singh et al., J. Am. Chem Soc. 118:1669-1676 (1996)). 
These approaches are based upon the mathematical method termed "genetic 
algorithms" (Holland, Sci. Am. 66-72 (1992)). Using genetic algorithms, a population 
of different compounds is screened to identify the compounds that bind to the receptor 
or enzyme (i.e., the "fittest" compounds). A population of progeny compounds is then 
prepared by recombining the building blocks that were used to prepare the "fittest- 
compounds. A screen is then performed to identify the compounds that bind to the 
target with the highest affinity, which are made up of the optimal building block 
combinations. 

However, because the building blocks employed in the genetic algorithm 
approach are not preselected, one of two techniques are used to identify tight binding 
ligands: (1) extremely large populations of compounds must be screened and 
recombined, or (2) multiple rounds of screening and recombination are performed on 
relatively small populations where additional building blocks are gradually introduced 
through a process that is analogous to genetic mutation. In this second approach, 
many rounds of selection, recombination and building block introduction are required 
to identify the optimal building block combinations in analogy to the many rounds of 
selection, reproduction and mutation that are required in the evolution of living 
organisms. Thus, the use of genetic algorithms is currently limited because of the 
large amount of time required for compound preparation and screening, wherein the 
goal of new drug discovery is to identify a potent compound as quickly as possible. 

Another recently reported approach for identifying high affinity ligands for 
molecular targets of interest is by determining structure-activity relationships from 
nuclear magnetic resonance analysis, i.e., "SAR by NMR" (Shuker et al., Science 
274:1531-1534 (1996) and U.S. Patent No. 5,698,401 by Fesik et al.). In this 
approach, the physical structure of a target protein is determined by NMR and then 
small molecule building blocks are identified that bind to the protein at nearby points 
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on the protein surface. Adjacently binding small molecules are then coupled together 
with a linker in order to obtain compounds that bind to the target protein with higher 
affinity than the unlinked compounds alone. Thus, by having available the NMR 
structure of the target protein, the lengths of linkers for coupling two adjacently 
5 bindmg small molecules can be determined and small molecule ligands can be 
rationally designed. This approach has been useful for identifying compounds that 
bind to FK506 binding protein with a K, = 20 nM (Shuker et al., supra) and to 
stromelysin with a K d = 15 nM (Hajduk et al., J. Am. Chen, Soc. 119:5818-5827 
(1997) and Hajduk et al., J. Am. Chem. Soc. 119:5828-5832 (1997)). 

However, while the^AR by NMR method is powerful, it also has serious 
limitations. For example, the approach requires huge amounts of target protein (>200 
mg) and this protein typically must be '^-labeled so that it is useful for NMR studies 
Moreover, the SAR by NMR approach usually requires that the target protein be 
soluble to >0.3 mM and have a molecular weight less than about 25-30 kDa 
Additionally, the structure of the target protein is first resolved by NMR, a process 
wh,ch often can require a 6 to 12 month time commitment. 

From the above, it is evident that there is a need for novel techniques useful for 
rap ld ly and efficiently identifying small molecule drug lead compounds that are 
capable of binding with high affinity to a molecular target of interest. We herein 
describe for the first time a method which is based upon pharmacophore 
recombination, wherein a population of small molecule pharmacophores are "pre- 
selected" for the ability to bind to a molecular target and wherein the small molecule 
Pharmacophores that bind with the highest affinity are then chemically linked in 
vanous combinations to provide a library of potential high affinity binding ligands 
The hbrary of potential binding ligands is then screened using a simple functional 
assay for the presence of one or more compounds that bind to the target molecule with 
very high affinity. 

SUMMARY OF THE TNTVFMTm^ 

Applicants herein describe a molecular approach for rapidly and efficiently 
■denufymg small molecule ligands that are capable of binding to a target biological 
molecule with high affinity, wherein ligand compounds identified by the method are 
useful as new small molecule drug lead compounds. The herein described methods 
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allow a library of only the most favorable compounds to be assayed for binding to a 
target biological molecule without the need for screening all possible small molecule 
compounds and combinations thereof for binding to the target as is required in 
standard combinatorial library approaches. More specifically, a library of candidate 
target binding fragments is assembled and subjected to a first screen or "pre-screened" 
to identify a subset of that library that bind to a target biological molecule with or 
below a certain dissociation constant. Those candidate target binding fragments 
•dentified during this "pre-screening" step as being capable of binding to the target 
biological molecule are then coupled or cross-linked in a variety of combinations 
using one or more linker elements to provide a library of potential high affinity 
binding ligands or candidate cross-linked target binding fragments, whose building 
blocks represent the small candidate target binding fragments having the highest 
affimty for the target biological molecule as identified in the "pre-screening" step 
The library of potential ligands or candidate cross-linked target binding fragments for 
binding to the target biological molecule is then screened a second time to identify 
those members that exhibit the lowest dissociation constant for binding to the target 
biological molecule. Because the library of candidate target binding fragment 
building blocks is initially "pre-screened" to select for a much smaller set of the most 
favorable building blocks, the most productive building block and cross-linker 
combmations can be identified without the .aborious task of screening all possible 
combinations of all building b.ocks coupled together by a set of linkers. The process 
of identifying high affinity drug lead compounds is therefore, greatly expedited. 

With regard to the above, one embodiment of the present invention is directed 
to a method for identifying drug lead compounds that bind to a biological target 
molecule of interest, wherein the method comprises the steps of: 

(a) Assembling a library of candidate target binding fragments (CTBF) 
capable of being chemically cross-linked by a cross-linker element to provide 
cand,date cross-linked target binding fragments for binding to the target biological 
molecule; 

(b) screening the library of candidate target binding fragments to identify at 
least first and second candidate target binding fragments which bind to the target 
biological molecule; 



- 5 - 



20 



25 



30 



(O chemically cro SS -,inking the a, ,=as, firs, and second candidate targe, 
bmd,ng frag mOT , s or s „, y relaEd ana , ogs thereof wjth a crMs ijnter 

prov.de a iibrary of candidate cross-linxed ,arge, binding f r ag me „ ts for bindlng to the 
target biological molecule; and 
5 (d) screening the library ob.aine^ in (e) t0 idenlify , dmg |cad 

that binds to the target biological molecule. 

In various prefer embodiments, the library of candtdate target binding 
fragments may comprise compounds of less than 500 daltons, may comprise simple 
aldehydes, amtnes, am.des, carbamates, ureidos, sulfonamtdes, alcohols, carboxyhc 
,0 acds, thtols. ary, hahdes, alxenes, allcynes, Ketones, ethers and/or ox.mes and/or may 
btnd t0 the target biological molecule with a K, of 10 mM or iower. In a particularly 
preferred embodiment, the library or candidate targe, binding fragments may comprise 
ox.me compounds, wherein the structurally re,a,ed aldehyde analogs of those oxime 

li d ™ Se ' bi0l ° SiCa ' m ° ,eCU,eS *« f '" d - *> - ^"Cribed 

me*ods mclude, for example, proteins, nucleic aoids and M 

protetns. Preferred TBM's tnclude human or human pathogen proteins, especial* 
enzymes, human hormones, human receptors and ,ragme nts thereo , These ^ 
may all contain atoms of naturally occuring isotopic abundance 

In other preferred embodiments, the hbrary of candtdate cross-linlced targe, 
bmdtng f ragments comprises candidaK cross _ ljnted bind . 8 

■ an about ,000 daltons, that may be homo- or heterodimeric havi„ g a K, for the TBM 

of from about 500 pM to about 500 nM or lower. 

Another embodiment of the present invention is directed ,o a method for 
mh,b„,„ g ,he interaction between firs, and second bioiogica, mo,ecu,es, wherein the 
m hod comp ses the step of contacting a system comprisin g both the firs, and second 

d T' cs with a binding inhibi,ory amou "' ° f • ™«- 

Hate idCT,ified ^ ^ SbOVe d ^ bed - 

and,d at cross-lmxed target binding fragment b.nds to one of the firs, or second 

b,olog,cal molecules and inhibits their ability to interact. 
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A further embodiment of the present invention is directed to a drug lead 
compound made by the the method described herein, where the compound is 
represented by the formula: 



TBF 



m 



LOT — I XL | LGs— 



TBF„ 



and 



TBF n ,-part A 



TBF n -part C 



LGa— | XL ) LG 
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TBF m -part B 



TBF„-part D 



where 

TBF m represents a first TBF selected from step (d); 
TBF n represents a second TBF selected from step (d); 
15 TBF m -part A and B represent TBF m from step (d) where each fragment is 

bonded to a single atom in LG 3 ; 

TBF n -part C and D represent TBF 0 from step (d) where each fragment is 
bonded to a single atom in LG 4 ; 

XL represents a cross-linker of the formula 
2Q -(C 0 -C 2 -alkyl-L , -L 2 -L 3 -L 4 -L 3 -C 0 -C r alkyl)-; 

LG, and LG 2 are linking groups independently selected from the group - 
C(R.)=N-0-, -0-N=C(R>, -CT,-N(R>. -N(R>CH,-, -C(=0)-N(R.)-, -N(R.)-C(=0)-, 
-N(R.)-C(=0)-0-, -0-C(=0)-N(R>, -N(R>C(=0)-N(R b )-, -N(R.)-C(=0)-N( Rb )-, - 
S0 2 -N(R> and -N(R.)-S0 2 -; 
25 LG 3 and LG 4 are linking groups independently selected from the group >C=N- 

0-, -0-N=C<, -CH 2 -N<, >N-CH 2 - ) -C(=0)-N<, >N-C(=0)-, >N-C(=0)-0-, -0-C(=0)- 
N<, >N-C(=0)-N(R b )-, -N(R.)-C(=0)-N<, -S0 2 -N< and >N-S0 2 -, where < and > 
represent two bonds linking CTBF- part A, B, C, or D to the single N or C atom in 
LG 3 or LG 4 ; 

30 R„andR h are independently selected from the group 

hydrogen, C.-C 10 -aIkyl, C 0 -C 10 -alkyl-C 6 -C 10 -aryl, C 6 -C 10 -aryl-C 0 -C I0 -alkyI, C 0 -C I0 -alkyl- 
heterocycle-C 0 -C 10 -alkyl, C.-Q-alkyl-NH-C.-Q-alkyl, C 0 -C l0 -alkyl-O-C 0 -C l0 -alk y l, C 0 - 
C 10 alkyl-C(=O)-C 0 -C 10 -aIkyl, C 0 -C l0 -alkyl-NH-C(=O)-C 0 -C l0 -alkyl, C 0 -C 10 -alkyl-O- 
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C(-O)-C 0 -C 10 -aIkyI, where any alkyl, aryl or heterocycle is optionally substituted 
with C,-C I0 -aHcyl, C,-C 10 -alkoxy, C 6 -C 10 -aryl, C 6 -C, 0 -aryloxy, halo (F, CI, Br, I), 
hydroxy, carboxy, amino, nitro and SiO)^; 

TBF m , TBF„, TBF in -part A, TBF ro -part B, TBF n -part C and TBF -part D are 
5 each independently represented by formula I 

-A-(Cycle l)-B-(Cycle 2)-E (I) 

Where 

Cycle 1 and Cycle 2 are independently present or absent and are selected from 
a mono-, bi-, or tricyclic saturated, unsaturated, or aromatic ring, each ring having 5, 
6 or 7 atoms in the ring where the ring atoms are carbon or from 1-4 heteroatoms 
selected from; nitrogen, oxygen, and sulfur, and where any sulfur ring atom may 
optionally be oxidized and any carbon ring atom may form a double bond with O, 
n 1 1 * 

1 5 NR and CR R , each ring nitrogen may be substituted with R n and any ring carbon 
may be substituted with R d ; 

A and B are independently selected from 
L 3 - — L 2 L 1 

20 L 4 — L 3 L 2 — 1_ 1 



and 

L 5 — L 4 L 3 L 2 — L 1 



where: 



25 



L 1 is absent or may be selected from oxo (O), S(O) , C(=0), C(=N-R n ), 

s 

C(=CR 1 R 1, ) f C(R l R l \ CCR 1 ), C, het, N(R n ) or N; 

L 2 is absent or may be selected from oxo (O), S(O) , C(=0), C(=N-R n ), 

s 

C(=CR 2 R 2 '), C(R 2 R 2 '), C (R 2 ), C, het, N(R n ) or N; 

30 L 3 is absent or may be selected from oxo (O), S(O) , C(=0), C(=N-R n ), 

s 

C(=CR 3 R 3 '), C (R 3 R 3 ') C (R 3 ), C, het, N(R n ) or N; 
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L is absent or may be selected from oxo (O), S(O) , C(=0), C(=N-R n ) 

S ' ' 

C(=CR 4 R 4 '), CCR 4 R 4 '), C(R 4 ), C, NR n or N; and 

L 5 is absent or may be selected from oxo (O), S(0) s> C(=0), C(=N-R n ), 
C(R 5 R 5 '), C(=CR 5 R 5 '), C (R 5 ), C , NR n or N; 

selected from R a , R a ' ( R c and u.Q.y.W; where s is 0-2 
]Q Optionally, each R 1 * 5 or NR n together with any other R ] -R 5 or NR n may 

form a mono-, bi-, or tricyclic saturated, unsaturated, or aromatic ring, each ring being 
a homo- or heterocycle having 5, 6 or 7 atoms in the ring, optionally each ring 
contanung 1-4 heteroatoms selected from N, O and S where any ring carbon or sulfur 
atom may optionally be oxidized, each ring nitrogen optionally substituted with R n 
1 5 and each ring carbon optionally substituted with R d ; 
E is 

R a is selected from the group; hydrogen, halo(F, CI, Br, I), halo(F, CI Br I)- 
C 1 -C 11 alkyl, halo(F, CI, Br, D-Cj-C^lkoxy, hydroxy-^-C^lkyl, cyano, 
20 isocyanate, carboxy-C^alkyl, amino, C^ 1 alky,-amino-(C 1 -C 8 alkyl), C Q - 
C 11 aIky,-amino-di-(C 1 -C 8 a,kyl), aminocarbonyl, ^-C^lky.carbonylamino, 
carboxamido, carbamoyl, carbamoyloxy, formyl, formyloxy, azido, nitro, hydrazide 
hydroxam 1C acid, imidazoyl, ureido, thioureido, thiocyanato, hydroxy, C^alkoxy, 
25 mercapto, sulfonamido, het, phenoxy, phenyl, benzy,, benzyloxy, benzamido', tosyl 
morphohno, morpholinyl, piperazinyl, piperidinyl, pyrrolinyl. imidazolyl and indolyl; 

R 3 ' is selected from the group of ^-C^alkyl-Q-C^alkyl, C^alkenyl- 
Q-C 0 -C 6 alkyl, C 0 -C 10 alkynyl-Q-C 0 -C 6 alkyl, ^-Cj jCycloalkyl-Q-C^C^lkyl, C y 
30 C 10 cycloal k eny,-Q-C 0 -C 6 alkyl, C^^lkyl-C^C^aryl-Q^-C^l.yl, C.-C^aryl- 
C, -C 6 alkyl-Q-C 0 -C 6 alkyl, ^-C^lkyl-het-Q-C^C^alkyl, C^alkyl-Q-het-C^ 
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C.a.kyl, het-C 0 -C 6 alkyI-Q-C 0 -C 6 alkyl ) C^alkyl-Q-^-C^aryl and Q^. 
C 6 alky, where-any aryl or het is optionally substituted with 1-3 R d and any alkyl, 
alkenyl or alkynyl is optionally substituted with 1-3 R a ; 

R a and R a may join to form a 3-7 member homocyclic ring substituted with 1- 



3R a ; 



RC is selected from hydrogen and substituted or unsubstituted; amino, O-C - 
C 8 alkyl, amino-(C r C 8 alkyl), amino-di-CC^alkyl), C^alkyl, C^alkenyl, 
,0 C 2 -C 1() alkynyl, C 3 -C 11 cyclpalkyl, C^C^cycloalkenyl, C^alkyl-C^aryl, 
C 6 C l0^ l - C l- C 6 alk y 1 ' C 1 -C 6 aIkyl-het ( het-C r C 6 aIkyl, Cg-C^aryl and het, where 

the substituits on any alkyl, alkenyl or alkynyl are 1-3 R a and the substituents on any 

aryl or het are 1-3 R d ; 

15 d h 

R is selected from R n and R p ; 

R is selected from the group OH, OCF 3 , OR c , SR m , halo(F, CI. Br, I), CN, 
•socyanate, N0 2 , CF3, C^alky.-NRV, ^^^V, Cq _ 
20 C 6 alkyl-C(=0)-R a , C^aJkyl, C^alkoxy, C^alkenyl, C^alkynyl, C y 
C 6 cycloalkyl, C 3 -C 6 cycloalkenyl, C^alkyl-phenyl, phenyl-^ -C^lkyl, C,- 
C 6 alkyloxycarbony,amino, C r C 6 aIkyloxycarbonyl- C^alkyl, phenyl-C^- 
^ C 6 alky.oxy, C 1 -C 6 alkyl-het, het-C^alkyl, SO^het, O-C^aryl, SO^- 
C 12 aryl, S0 2 -C r C 6 alkyl and het, where any alkyl, alkenyl or alkynyl may optionally 
be sustituted with 1-3 groups selected from OH, ha,o(F, CI, Br, I), nitro, amino and 
ammocarbonyl, where the substituents on any aryl or het are 1-2 hydroxy, halo(F, CI, 
Br, I), CF 3 , C r C 6 alkyl, C^alkoxy, nitro and amino; 
) m 

R is selected from hydrogen, S-C^alkyl, C^O-C^alkyl, C(=0)- 
NR R , C r C 6 alkyl, halo(F, CI, Br, D-C^alkyl, benzyl and phenyl; 



) E>0. 



R n is selected from the group R c , OH, OCF^ OR 0 , CN, isocyanate, NH- 
C(=0)-0-R c , NH-C(=0)-R c , NH-C(=0)-NHR c , NH-S0 2 -R s , NH-S0 2 -NH-C(=0)- 
R C , NH-C(=0)-NH-S0 2 -R s , C(=0)-0-R°, C(=0)-R c , C(=0)-NHR c , C(=0)-NH- 
C(=0)-0-R°, C(=0)-NH-C(=0)-R c , C(=0)-NH-S0 2 -R s , C(=0)-NH-S0 2 -NHR c , 
S0 2 -R s , S0 2 -0-R°, S0 2 -N(R c ) 2 , S0 2 -NH-C(=0)-0-R°, S0 2 -NH-C(=0)-0-R° and 
S0 2 -NH-C(=O)-R c ; 

R° is selected from hydrogen and substituted or unsubstituted Chalky!, C Q - 
C 6 alkyl-C 6 -C 10 aryl, C^alkylcarbonyl, C^alkenyl, C^alkynyl, C3- 
C g cycloalkyl and benzoyl, where the substituits on any alkyl are 1-3 R a and the 
substituents on any aryl are 1-3 R p ; 

R p is selected from the group; OH, COOH, COH, NH^ Chalky], halo(F, 
CI. Br, I), CN, isocyanate, OR°, SR m , SOR°, N0 2 , CF3, R c , NR n R n ', N(R n )-C(=0)- 
O-RO N(RV:(=0)-R<, S0 2 -R«, C^alkyl-SO.-R*, C 0 -C 6 alkyl-SO 2 -NRnRn', 
C(=0)-R c , 0-C(=0)-R c , C(=0)-0-R° and C^-NR^r"', where the substituits on 
any alkyl, alkenyl or alkynyl are 1-3 R a and the substituents on any aryl or het are 1-3 



R d ; 



R s is a substituted or unsubstituted group selected from; Cj-Cgalkyl, C 2 ~ 
C g alkenyl, C^Cgalkynyl, C^-CgCycloalkyl, C 3 -C 6 cycloalkenyl, C^alkyl- C( .- 
C 10 aryl, Cg-C^aryl-C^alkyl, C 0 -C 6 alkyl-het and het-C 0 -C 6 alkyl, where the 

substituits on any alkyl, alkenyl or alkynyl are 1-3 R a and the substituents on any aryl 
or het are 1-3 R d ; 

het is any mono-, bi-, or tricyclic saturated, unsaturated, or aromatic ring where 
at least one ring is a 5-, 6- or 7-membered ring containing from one to four 



heteroatoms selected from the group nitrogen, oxygen, and sulfur, the 5-membered 
ring having from 0 to 2 double bonds and the 6- or 7-membered ring having from 0 to 
3 double bonds and where any carbon or sulfur atoms in the ring may optionally be 
oxidized, and where any nitrogen heteroatom may optionally be quatemized and where 
5 any ring may contain from 0-3 R d ; 

U is an optionally substituted bivalent radical selected from the group; C - 
C 6 alky., C 0 -C 6 alkyl-Q, C^alkenyl-Q, and C^alkynyl-Q, where the substituits 
on any alkyl, alkenyl or alkynyl are 1-3 R a ; 

10 

Q is absent or is selecfed from the group; -O-, -S(0) s -, -S0 2 -N(R n )-, -N(R n )-, 
-N(R n )-C(=0)-, -N(Rn)- C (=0)-0-, -N(R n )-S0 2 -, -C(=0)-, -C(=0)-0-, -het-,-C(=0)- 

N(R n )-, -PO(OR c )0- and -P(0)0-, where s is 0-2 and the heterocyclic ring is 
5 substituted with 0-3 R h ; 

V is absent or is an optionally substituted bivalent group selected from C - 
C 6 alkyl, C 3 -C 8 cycloalkyl, C^alkyl-Cg-C^aryl, and C 0 -C 6 alky-het, where the 
substituits on any alkyl are 1-3 R a and the substituents on any aryl or het are 1-3 R d ; 

W is selected from the group; hydrogen, -OR°, -SR m , -NR n R n ', -NH-C(=0> 
0-R°, -NH-C(=0)-NR n R"', -NH-C(=0)-R c , -NH-S0 2 -R s , -NH-SC> 2 -NR n R n ', -NH- 
S0 2 -NH-C(=0)-R c , -NH-C(=0)-NH-S0 2 -R s , -C(=0)-NH-C(=0)-0-R°, -C(=0)-NH- 
C(=0)-R c , -C(=0)-NH-C(=0)-NR'V', -C(=0)-NH-S0 9 -R s , -C(=0)-NH-SO - 
NR n R n ', -C(=S)-NR"R"', -SO^R* -SO^O-R 0 , -S0 2 -NR n R n ', -S0 2 -NH-C(=0)-0- 
R°. -S0 2 -NH-C(=0)-NR n R n ', -S0 2 -NH-C(=0)-R c , -0-C(=0)-NR n R n ', -0-C(=0)- 
R C , -0-C(=0)-NH-C(=0)-R c , -0-C(=0)-NH-SO_-R s and -O-SO -R s ; 

Optionally. TBF m -part A together with TBF ,-part B and TBF„-part C together 
w,th TBF -part D may independently form Cycle 1 substituted with -B-(Cycle 2)-E. 
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A drug lead precursor or intermediate of this invention is represented by C 0 -C 2 - 
alkyI-L'-L^L^-C 0 -C 2 -al k yl where L 1 through L 5 are defined above. Additional 
embodiments of the present invention will become evident to the ordinarily skilled 
artisan upon a review of the present specification. 



BRIEF DRSr RlPTrON OF THE DRAWTMr.c 

Figure 1 shows a synthetic reaction wherein an aldehyde is reacted with O- 
methyl hydroxyzine to produce an O-methyl oxime compound. 

Figure 2 shows a variety of organic aldehyde pharmacophore molecules which 
after conversion to )-methyl oximes were identified as being capable of inhibiting the 
interaction between CD4 and gpl20. 

Figure 3 shows chemistry useful for chemically coupling two aldehydes via an 
O.O'-diarnino-alkanediol linker to produce both heterodimeric and homodimeric 
oxime compounds. 

Figure 4 shows a variety of aldehyde pharmacophores found to be highly 
efficient in dimeric form for inhibiting the interaction between CD4 and g P 120. 

Figure 5 shows an O-methyl oxime compound found to be particularly 
effective in dimeric form for inhibiting the interaction between CD4 and gpl20. 

Figure 6 shows a specific ligand having particularly high activity for inhibiting 
the interaction between CD4 and gpl20. 

Figure 7 shows a synthetic reaction wherein an aldehyde is reacted with a 
dimethylamine in the presence of support-bound triacetoxyborohydride to give rise to 
an N,N-dimethylamine organic compound. 

Figure 8 shows a chemical synthesis sequence resulting in the production of a 
ligand of the present invention. 

Figure 9 shows a flow diagram for the fragment assembly sequence resulting in 
the production of a drug lead compound of the present invention. 



DETAILED DESCRIPTION OF THE INVffNTmv 
I. General Description 
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from a commercial or non-commercial source, synthesizing such compounds using 
standard chemical synthesis technology or combinatoria. synthests technology (see 
Gallop et al. (,994), supra, Gordon e, al. (1994), supra, Czanhk and Eltaan (.996, 
supra, Thompson and Ellman (,996), supra and Balkenhohl et al. (,996) supra) and 
5 obtamtng such compounds as degradation products from larger ptecursor compounds 
=.g. known therapeutic drugs, large chemical molecules, and the like. 

The candidate target binding fragments (CTBF) and are, for the most pan 
small water soluble organtc molecules that have one or more chemically reactive' 
functionalities, referred to as linkable (or linkage) functional groups (LFG) (or sites 
that may be teadily convened to a chemically reactive functionality using standard 
technology (BLFG)) that prov.de a site for coupling ,„ another eompound or candidate 
large, btnding fragment via a chemically compatible cross-linker. Tnus, me candidate 
targe, btnding fragments of the present invention are capable of being chemrcally 
coup.ed to one another via a cross-linker to provide candidate c ross .,i„ked target 
bmding frag m e„, s for binding to the ^ ga ^ ^ 

candidate Urge, binding fragment compounds have a reactive functionality, or a she 
that can be re adi,y chemicaUy convened to a reactive func,iona,i,y, where a 
chemically compatib.e cross-hnker may cova,en„y ahach thereto, thereby allowtng 
mu.hmenzation of the candidate ,arge, bmdmg fragments through the cross-hnker 
Uganda-, "candidate Uganda' or "candidate crosa-hnked Urge, binding fragments » 
for bmding to a "target b,o,ogica, mo.ecu.e" for purposes hetein ate compounds tha, 
are obtamed from reacting two or mom organic compounds, which may be the same or 
mffemnt, preferably different, with one or more cross-linker so as ,o produce a 
molecule comprising two or more target bindmg fragments and one or more cross- 
hnker. Such Uganda are refened ,o hetein as cand.date cross-hnked target binding 
fragments(CXL-TBF). 

Candidate ,arge, binding fragme„, s having the hnkage funcuona, group 
modified or b,ocked so ,ha, i, contains substa„,ia„y the same .inking group as is found 
m the candidate cross-linked bindmg fragments am sometimes referred to as 
monomers. Monomers or monomeric compounds that find use in the pmsen, invention 
mclude, for example, aldehydes, ketones, oximes. such as O-alky, oximes, preferably 
O-methy, oximes, hydrazones, semicarbazones, carbazides, primary amines, secondary 



- 15 - 



0 



amines, such as N-methylamines, tertiary amines, such as N,N-dimethylamines N- 
substituted hydrazines, hydrazides, alcohols, ethers, thiols, thioethers, thioesters 
disulfides, carboxylic acids, esters, amides, ureas, carbamates, carbonates, ketals 
thioketals, acetals, thioacetals, aryl halides, aryl sulfonates, alkyl halides, alkyl 
5 sulfonates, aromatic compounds, heterocyclic compounds, anilines, alkenes, alkynes, 
diols, amino alcohols, oxazolidines, oxazolines, thiazolidines, thiazolines, enamines, 
sulfonamides, epoxides, and aziridines, and the like, all of which have chemically 
reactive functionalities (or are directly prepared from precursor compounds that have 
chemically reactive functionalities) capable of linking, either directly or indirectly to a 
10 cross-linker . In fact, virtualjy any small organic molecule that is capable of being 
chemically coupled to another small organic molecule may find use in the present 
invention with the proviso that it is sufficiently soluble in aqueous solutions to be 
tested for its ability to bind to a target biological molecule. 

The above described monomers or candidate target binding fragments will 
15 serve as the individual building blocks for candidate cross-linked binding fragments 
prepared therefrom. Candidate target binding fragments that find use herein will 
generally be less than about 2000 daltons in size, usually less than about 1500 daltons 
m size, more usually less than about 750 daltons in size, preferably less than about 500 
daltons in size, often less than about 250 daltons in size and more often less than about 
0 200 daltons in size, although organic molecules larger than 2000 daltons in size will 
also find use herein. Candidate target binding fragments that find use may be 
employed in the herein described method as originally obtained from a commercial or 
non-commercial source (for example, a large number of small organic chemical 
compounds that serve as candidate target binding fragments are readily obtainable 
from commercial suppliers such as Aldrich Chemical Co., Milwaukee, WI and Sigma 
Chemical Co., St. Louis, MO) or may be obtained by chemical synthesis. Examples of 
the latter include the preparation of a library of organic oxime compounds from a 
single step condensation of commercially available aldehydes with O-alkyI 
hydroxyzine as described in Example I below and the preparation of a library of 
N.N-d.methylamine candidate cross-linked target binding fragments from the 
reducuve amination of commercially available aldehydes and dimethylamine using 
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support-bound triacetoxyborohydride as described in Example n be low and by Kaldor 
et al., Tetrahedron Lett. 37:7193-7196 (1996). 

Libraries of candidal targe, bi„d,„g fragments or candidate cross-lmked 
■arge, binding fragment which find use herejn w ,„ generally ^ ^ ^ 

5 orgamc compounds, often a, leaa, abou, 25 different organic compounds, more often 

at least about ,00 d.ffemn, organic compounds, usuaily a, ieas, about 500 different 

orgamc compounds, more usua„ y a, leas, abou, ,000 different organic compounds 
preferably « least about 250fl ^ ^ ^ ^ ^ 

abou, 500O dtfferen, organic compounds anQ mos , ^ ^ ^ ^ 

,0 mom differ, organic compounds. Libraries may be seieoted or constructed such mat 
each mdividua, molecule of the libra^ may be spatialiy separated ftom ,he o,her 
mo.eou.es of the .ibrary (e.g., each member of ,he libra^ is present in a separate 
mtcroriter we..) or ,wo or more members of the hbrary may be combine, if methods 
for deconvohrtion a. readi.y avai,ab,e. The me,hods by which the library of organic 
15 compounds are prepared will not be critical to the invention. 

Once assembled, a library of organic candidate target binding fragments will be 
screened using one of any number of differen, known assays for ,he putpose of 
tdenttfymg candidate cross-ltnked target bmding fragments mat are capable of binding 
o . ta^e, biolocica, molecule of interes, "Biological targe, molecules", "targe, 
20 b.ologtca, molecules". »,arge, biomolecules", -molecular target, ..biological targets" 
and other grammatical equivalents refer to targe, biological molecules (TBM, ma, am' 
avatlable (either commercially, mcombinan.ly, S y nth e,ica,ly or o,herwise) in sufficient 
quanottes for use in ,„ vin binding assays and for which mere is some interns, for 
.defying a high affinity binding partner . Por the mos( ^ ^ 
molecules are proteins, .ncluding human proteins or human pathogen proteins tha, 
may be assorted with a human disease conditton, such as cell surface and soluble 
receptor proteins, such as lymphocyte eel, surf.ee teceptora. enzymes, such as 
pro.eases clot.ing factors, sennefthreonine kinases and dephosphorylases, ,yro s i„ e 

kmases a „d dephosphorylases, b a «eri a , enzymes, fungn. enzymes and viral enzymes 
stgna, transduction mo|ecu , es transcrip[ion factors ^ ^ . 

and/or RNA synthesis or degradation, immunoglobulins, hormones, receptors for 
vartous cytokmes includmg, for example, erythropoietins, granulocyte colony 
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stimulating receptor, granulocyte macrophage colony stimulating receptor 
thrombopoietW(TPO), IL-1, IL-2, EL-3, IL-4, IL-5, IL-6, IL-10, IL-11, IL-12, growth 
hormone, prolactin, human placental lactogen (LPL), CNTF, octostatin, various 
chemokines and their receptors such as RANTES, MIPl-a, IL-8, various ligands and 
5 receptors for tyrosine kinases such as insulin, insulin-like growth factor 1 (IGF-1), 
epidermal growth factor (EGF), heregulin-cc and hereguiin-p\ vascular endothelial' 
growth factor (VEGF), placental growth factor (PLGF), tissue growth factors (TGF-oc 
and TGF-P), other hormones and receptors such as bone morphogenic factors, folical 
^ stimulating hormone (FSH), and leutinizing hormone (LH), tissue necrosis factor 
(TNF), apoptosis factor-1 and -2 (AP-1 and AP-2), and proteins and receptors that 
share 20% or more sequence identity to these, and the like, nucleic acids, including 
both DNA and RNA, saccharide complexes, and the like. 

For the step(s) of screening libraries of candidate target binding fragments or 
5 candidate cross-linked target binding fragments for members having the ability to bind 
to a target biological molecule of interest, a simple ELISA assay may be used to (a) 
identify member(s) of the library that are capable of binding to the target, and (b) 
determine the approximate K d with which the library member(s) bind to the molecular 
target. While ELISA assays are preferred for screening libraries of organic 
compounds, virtually any in vitro assay that allows one to detect binding of the target 
biological molecule by an organic compound may be employed for screening the 
library, wherein such assays include ELISA, other sandwich-type binding assays, 
binding assays which employ labeled molecules such as radioactively or fluorescently 
labeled molecules, fluorescence depolarization, calorimetry, protein denaturation, 
resistance to proteolysis, gel filtration, equilibrium dialysis, surface plasmin resonance, 
X-ray crystallography, and the like. Such assays either measure the ability of library 
members to bind directly to the target biological molecule or are competition binding 
assays designed to measure the ability of library members to inhibit the interaction 
between the target biological molecule and another molecule that binds to the target 
biological molecule. Any of the above assays may be employed to screen libraries of 
candidate compounds to identify those that bind to a target biological molecule. 

For the step of screening a library of candidate compounds to identify those 
that bind to a target biological molecule, it will be well within the skill level in the art 
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to determine the concentration of the library members to be employed in the binding 
assay. For the most part, the screening assays will employ concentrations of candidate 
compounds ranging from about 0.01 to 10 mM, preferably from about 0.05 to 5 mM. 
The step of pre-screening a library of candidate target binding fragments to 
5 identify those that bind to a target biological molecule allows one to identify and 
isolate only those members of the library that have some binding affinity for the target 
As such, in contrast to standard combinatorial library approaches, the small organic 
budding blocks are "pre-screened" to select a smaller set of compounds that have 
some binding affinity for the target. Thus, the most productive organic compound 
10 budding blocks can be identified for incorporation into the potential high affinity 
candxdate cross-linked target binding fragments that are prepared therefrom, without 
having to screen all possible combinations of all of the initial candidate target binding 
fragment building blocks. Generally, the candidate target binding fragment library 
members selected as building blocks for subsequently prepared candidate cross-linked 
5 target binding fragments are those that have the highest affinity for binding to the 
target biological molecule. For the most part, candidate target binding fragments 
chosen as building blocks for incorporation into the subsequently prepared candidate 
cross-hnked target binding fragments are those that bind to the target biological 
molecule with a K d of about lOmM or less, usually about 5mM or less, more usually 
about ImM or less, preferably about 500 or less, more preferably about 100 „M or 
less and most preferably about 50 or less. However, for some applications, one or 
more of the candidate target binding fragment(s) chosen for incorporation into the 
subsequently prepared candidate cross-linked target binding fragments may have an 
individual K d for the target biological molecule of greater than 10 mM. 

Once candidate target binding fragments that bind to a target biological 
molecule with some desired degree of affinity are identified, at least a portion of those 
compounds (or structurally related analogs thereof) are chemically coupled via a cross- 
linker to provide a library of candidate cross-linked target binding fragments for 
o bmdmg to the target biological molecule, wherein those candidate cross-linked target 
binding fragments comprise at least one candidate target binding fragment reacted or 
l.nked w,th a cross-linker. Usually two or more candidate target binding fragments (or 
structurally related analogs thereof) .inked by a cross-linker are combined and in some 
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cases these two fragments are the same. The two (or more) candidate target binding 
fragments (or structurally related analogs thereof ) incorporated into a candidate cross- 
Imked target binding fragment may be the same (i.e., to provide a homodimer or 
homomultimer) or different (i.e., to provide a heterodimer or heteromultimer). Most 
commonly, the two candidate target binding fragments in the candidate cross-linked 
target binding fragment are different. 

By "structurally related analog", "analog" and the like, is meant a fragment 
compound that has the same chemical structure as a fragment identified as being 
capable of binding to the target biological molecule except that the analog has a 
different chemically reactive functionality or linkage functional group(LFG) for 
binding to the cross-linker than does the fragment that was identified as being capable 
of binding to the target biological molecule in the first or pre-screen. The analog may 
also optionally possess or lack one or more substituents that are either lacking or 
present, respectively, on the fragments identified in the pre-screening provided that 
the presence or absence of those substituents does not substantially alter the 
compounds ability to bind to the target. As such, while one may pre-screen a library 
of, for example, candidate oxime compounds to identify candidate oxime fragments 
that bind to the target biological molecule, one can chemically couple not the actual 
oxime compounds identified in the "pre-screening" but rather aldehydes having that 
same chemical structures as the oximes identified in the screen (but which have an 
aldehyde reactive functionality rather than an oxime reactive functionality). The 
present invention, therefore, encompasses not only chemical coupling of the actual 
compounds identified in the initial "pre-screening step" (e.g., aldehydes are pre- 
screened and also subsequently linked), but also the chemical coupling of structurally 
related analogs of those compounds (e.g., oximes are pre-screened but the analogous 
aldehydes are linked). 

As described above, candidate target binding fragment will comprise a 
chermcally reactive functionality or linkage functional group (LFG) (or a site that can 
be converted to a chemically reactive functionality (BLFG)) to which a cross-linker 
may be cova.ently bound, thereby providing a means for cross-linking two or more 
cand,date target binding fragments having a LFG ( or analog or blocked form 
thereof) to prov.de a candidate cross-linked target binding fragment. Therefore, cross- 



- 20 - 



I.nkent that find use herein win be multifunctional, preferably bifunctional cross 
'mkrng molecules tha, can function to covalently bond a, leas. ,wo fragmen, 
compounds together via their reactive functionalities or LFG's. Linkers or cross 
tinkers (XL) w„l have a, ,eas t one, .wo or more and preferably only two, chemically 
S cross-reac.ive functional groups (CFG) on the cross-linker (XL). The chemically 
cross, reactive functional groups tha, am available for bonding ,o two or more 
candidate ,arge. binding fragments, whetein those functional gnoups may appear 
anywhete on the cross-linker, preferably a, each end of .he cross-linker and whetein 
.hose chemically cross-reactive functional groups may be the same or differen. 
depending upon „he.her the candidate target bindtng fragmen. is to be linked have the 
same or different chemically cross-reactive functional groups. Cross-linkers that find 
use herem may be substituted or unsubstituted straight-chain or branched alkyl aryl 
alkaryl, heteroaryl, heterocycle and .he like. Preferably straight chain alky, win' 
generally be a, leas, one methylene in length, more generally from 2 to 8 methylenes 
tn length, and optionally as many as abou. 12 or more methylenes or the equivalent in 
length. Cross-linkers may include atoms or groups ,o increase or improve solubility of 
■he hbrary members, such as oxygen atoms imersperaed between methylene groups 
creaung ether or polyether linkers. Cross-linkers will generally comprise alkyl 
groups either saturated or unsaturated, and therefore, may comprise alkanes, alkenes or 
alkyne, Heteroatoms includmg nitrogen, sulfur, oxygen, and the like may also be 
appended to the alkyl to form groups such as; alkoxyl, hydroxyalkyl or hydroxy ' 
groups, other cross-linking groups such as aryl, especially phenylene or subs.i,u.ed 
Phenylene linkers are suitably employed. Usually cross-linker elements will be of 
varytng lengths, thereby providing a means for optimizing th e binding properties of a 
cross-linked target binding fragment prepared therefrom. 

In particularly preferred embodiments, cross-linkers may be CO'-diamino- 
alkanedto, compounds, preferably 0,0'-diami„o-C,-C,alkanediol, which at* useful for 
chem.ca.ly coupling aldehyde organic compounds, or any of a variety of differen, 
d.am,ne compounds, which are useful for chemically coupling .aldehyde containing 
compounds. * 

Various chemistries may be employed for chemically coupling candidate 
target bmding fragments via a cross-linker to provide candidate cross-linked target 
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binding fragments for binding to a target biological molecule. For example, many 
well known chemistries that can be employed for chemically coupling candidate target 
binding fragments(s) via a linker to form candidate cross-linked target binding 
fragments include, for example, reductive aminations between aldehydes and ketones 
5 and amines (March, Advanced Organic Chemistry, John Wiley & Sons, New York, 
4th edition, 1992, pp.898-900), alternative methods for preparing amines (March et al., 
supra, p. 1276), reactions between aldehydes and ketones and hydrazine derivatives to 
give hydrazones and hydrazone derivatives such as semicarbazones (March et al., 
supra, pp.904-906), amide bond formation (March et al., supra, p.1275), formation of 
1 0 ureas (March et al., supra, p.4299), formation of thiocarbamates (March et al., supra, 
p.892), formation of carbamates (March et al., supra, p. 1280), formation of 
sulfonamides (March et al., supra, p. 1296), formation of thioethers (March et al., 
supra, p. 1297), formation of disulfides (March et al., supra, p.1284), formation of 
^ ^ ethers (March et al., supra, p. 1285), formation of esters (March et al., supra, p. 128 1), 
additions to epoxides (March et al., supra, p.368), additions to aziridines (March et al., 
supra, p.368), formation of acetals and ketals (March et al., supra, p. 1269), formation 
of carbonates (March et al., supra, p.392), formation of enamines (March et al., supra, 
p.1284), metathesis of alkenes (March et al., supra, pp.1146-1148 and Grubbs et al., 
^ Acc. Chem. Res. 28:446-452 (1995)), transition metal-catalyzed couplings of aryl 
halides and sulfonates with alkenes and acetylenes (e.g., Heck reactions) (March et al., 
supra, pp.7 17- 178), the reaction of aryl halides and sulfonates with organometallic 
reagents (March et al., supra, p.662), such as organoboron (Miyaura et al., Chem. Rev., 
95:2457 (1995)), organotin, and organozinc reagents, formation of oxazolidines (Ede 
^ et al., Tetrahedron Letts. 38:7119-7122 (1997)), formation of thiazolidines (Patek et 
al., Tetrahedron Letts. 36:2227-2230 (1995)), amines linked through amidine groups 
by coupling amines through imidoesters (Davies et al., Canadian J. Biochem. 50:416- 
422(1972)), and the like. 

The step of chemically cross-linking, via a cross-linker, at least a portion of the 
iQ candidate target binding fragments identified as described above as being capable of 
binding to the target biological molecule or structurally related analogs thereof 
provides a library of candidate cross-linked target binding fragments for binding to the 
target molecule that comprise at least two of the candidate target binding fragments 
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or analogs thereof and the cross-linker. As previously stated the candidate target 
landing fragments incorporated into candidate cross-linked target binding fragments 
may be the same, thereby providing a homomultimer, or different, thereby providing a 
heteromultimer, and libraries of candidate cross-linked target binding fragments 
5 generally comprise both homo- and hetero-multimers. Candidate cross-linked target 
bmdmg fragments for binding to the target molecule are preferably dimeric, however 
candidate cross-linked target binding fragments that find use may also be trimeric 
tetrameric, and the like, those compounds being obtained by employing cross-linkers 
having more than two chemically cross-reactive functional groups for cross-linking 
purposes. Candidate cross-linked target binding fragments for binding to a target 
b 10 logical molecule that find use herein will generally be less than aboutlOOO daltons 
m size and often less than about 750 daltons in size. 

Libraries of candidate cross-linked target binding fragments for binding to the 
target biological molecule will generally comprise at least 1 candidate cross-linked 
target bmding fragment, usually at least about 20 different candidates, more usually at 
least about 100 different candidates, preferably at least about 200 different candidates 
more preferably at least about 500 different candidates, most preferably at least 1 000 
different candidates and often 10,000 or more. Libraries of candidate cross-linked 
target binding fragments may be constructed such that each individual molecule of the ' 
library may be spatially separated from the other molecules of the library (e g each 
member of the library is in a separate microtiter well) or two or more members of the 
hbrary may be physically combined if methods for deconvolution are readily available. 

Once obtained, libraries of candidate cross-linked target binding fragments for 
binding to the target biological molecule will be screened for the purpose of 
identifying a member(s) of the library that is/are capable of binding to the target 
b.ological molecule with high affinity. For such purposes, any of the above described 
screening assays can be employed, wherein preferably a biological assay such as an 
ELISA assay is employed. 

For the step of screening a library of candidate cross-Iirtked target binding 
fragments to identify one or more that bind to a target biological molecule, it will be 
we,, within the skill level in the art to determine the concentration of the compounds to 
be employed in the binding assay. We have herein found that candidate cross-linked 
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targe, bmding fragments generated by chemically coupling orgamc eomponnds ,ha, 
btnd ,o a targeY biological molecule often exh.bi, surprisingly high binding afflnities 
for .he ,arge, For «he mos, par,, candidate cross-linked target binding fragments that 
serve as po.en, ial drug lead compounds or may have therapeunc efficacy on their own 
btnd ,„ the targe, bioiogica, molecuies wi,h a K of abou. 500 nM or less, usually 
abou, ,00 „M or less, more usually abou. 50 „M or less. However, for various 
apphcauons, one or more drug lead compound^ having a „ indiv idua, K t for the ,arge, 
b,olog,cal molecule of greater than 500 nM may also find use. 

Another embodiment of the present invention is directed ,o a method for 
■nhtbtting .he in.erac.ton between first and second bioiogica, molecules which bind to 
each other, wherein the method comprises comacnng a system comprising those 
moleeules with a binding inhibitory amoun, of a candidate cross-linked targe, binding 
fragment or drug ,ead compound identified by the method described above, wherein 
•he drug lead compound or cross-linked target bmding fragment binds to me firs, 
■ btological molecule and inhibits its ability to bind to me second biological molecuie 
For the most pari, the first and seoond biological molecules win be proteins, nucleic 
ac.ds, saccharide complexes, and the like, preferably at leas, one being a protein, more 
preferably both being proteins. In parftcularly preferred embodiments, the firs, or 
second bioiogica, molecule may be CD4 or gp,20. In other prefened embodiments, 
me fim bioiogica. molecule may be a protein wherein the second biCogical molecule 
■a a receptor for ,„a. protein, a nucleic acid, ei.her DNA or RNA, tha, binds .o that 
protetn or a polysaccharide or .he firs, biolog,ca, molecule ia an enzyme whemin me 
second bmlogical molecule is a substrate for that enzyme. 

Systems that comprise both the fits, and second biological molecules may be 
Cher ,n vitro or „ wvo, wherein the firs, and second bioiogica, mo,ecu,es ans si.uated 
such ma, they are capab,e of binding ,o one another. For in Wvo apphcaUons, .he ,ead 
of tnteres, may be administered on its own or in pha m aceu,.ca„y acceptable media 
for example nomta, aahne, PBS, e,c. The additives may inc.ude bacterictda, agents' 
atabdizers, buffers, or the like. ,„ order to enhance .he half-life of the drug ,ead 
compounds in wvo, .he compounds may be encapsulated, introduced into .he ,umen of 
■posomes. prepared as colloids, or ano,her conventional ,echni q ue may be employed 
that provides for an extended lifetime thereof. 
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The drug lead compounds may be administered as a combination therapy with 
other pharmacologically active agents or may physically linked to such agents or other 
carriers. Various methods for administration may be employed. The drug lead 
compounds may be given orally, or may be injected intravascular^ subcutaneously 
5 peritoneally, etc. A "binding inhibitory amount" of the drug lead compounds will 
vary widely, depending upon the nature of the first and second biological molecules 
the frequency of administration, the manner of administration, the clearance of the 
compound from the host, and the like. Appropriate binding inhibitory amounts may 
be determined empirically by those skilled in the art in a routine manner. 
1 0 candidate cross-linked target binding fragments 

II. Definitions and preferred embodiments 

In its broadest embodiment, the method of this invention comprises- 
assembling a library of candidate target binding fragments; screening the library of 
15 candidate target binding fragments for those that bind to a target molecule; cross- 
linkmg target binding fragments to produce a library of candidate cross-linked target 
binding fragments; screening the library of candidate cross-linked target binding 
fragments for those that bind to the target molecule. The product of this method is 
referred to as a lead pharmaceutical or drug candidate. 
0 More specifically (see Figure 9), the method of this invention is used to 

identify lead pharmaceutical drug candidates and optionally involves the following 
simple steps (a-h). 

(a) Assembling a library of candidate target binding fragments each 
fragment having a linkable (or linkage) functional group (LFG) or the. blocked 
form thereof (BLFG), the blocked form containing linking group (LG); 



CTBF [ —LFG 
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Assembling a library as used herein means any method of selecting two or more 
molecules to form a library for use in the method of this invention. Preferably the 
library will be large, greater than 50 members, and contain a diverse array of target 
interactive groups capable of forming non-covalent bonds, e.g. hydrogen, Van der 
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Waals, electrostatic, hydrophobic and the like with the target molecule. Such 
interactive grdups^may include functional groups found on naturally occurring amino 
acid sidechains, carbohydrates, lipids, nucleic acids and their metabolites and 



5 may be customized to contain interactive groups known or suspected to interact with 
binding sites on the biological target molecule or its biological ligand. 

Candidate target binding fragments (CTBF) are small water soluble organic 
molecules having a molecular weight of about 200da (including the LFG) capable of 
forming a non-covalent complex with a target biological molecule (TBM). This 
10 complex may be of low affinity having a Kd as low as about 5mM. The CTBF's are 
commercially available or may be synthesized by known procedures. 

Linkable (or linkage) functional groups (LFG) include any functional groups 
capable of reacting with a chemically cross-reactive functional group (CFG) on a 
cross-linker (XL) thereby forming a stable covalent bond with the cross-linker. This 
15 covalent bond is referred to simply as a linking group (LG). When the linked 
molecule contains more than one linking group an integer following LG is used to 
indicate the number of the LG in the molecule. The LFG includes blocked, protected 
or otherwise transformed groups that may or may not react directly with the CFG on 
the cross-linker. This blocked form of the linkable functional group (BLFG) is often 
20 the preferred form of the CTBF because it may be less likely to form covalent linkages 
with the target biological molecule in the contacting step below. 



25 or re-transformed form of the CTBF that it is capable or reacting with the CFG on the 
cross-linker is the form used in the cross-linking step below. By way of illustration, a 
CTBF may contain an aldehyde as a LFG or this aldehyde may be protected or 
transformed by reacting it with an O-amino alcohol to form an oxime (BLFG) as 
shown below. 



derivatives thereof, or groups found on known pharmaceuticals. Optionally, a library 



CTBF —BLFG 



In the case where the BLFG is to be used in the contacting step, the de-protected 
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.10 



In this case the oxime would be considered the BLFG. It will be appreciated that 
more than one reaction or transformation to an LFG may be made. By way of further 
illustration an aldehyde may be reacted with an amine to form a Schiff base, which in 
turn may be reduced to a secondary amine. This may be still further reacted to form an 
5 amide, sulfonamide, urea, carbamate etc. All these transformations of the initial 
aldehyde are also considered BLFG's. 

In the case where the CTBF (including the LFG) is first transformed or 
protected, the initial CTBF is sometimes referred to as a "precursor" while the 
transformed or protected form that is contacted with the TBM is referred to as a 
10 "monomer". Thus in the reaction illustrated above, the aldehyde may be called a 
precursor while the oxime is referred to as a monomer. In this case the oxime covalent 
bond (=N-0-) is referred to as the linking group (LG). It is often preferred that the 
monomer contain the same linking group (LG) as is present in the cross-linked form, 
described below, because some of the binding energy with the target may come from 
15 LG. 

Examples of linkage or linkable functional groups include; aldehyde, ketone, 
primary amine, secondary amine, epoxide, carboxylic acid, sulfonic acid, alcohol 
(hydroxyl), isicyanate, isothiocyanate, halide and sulfonate. These fuctional groups 
may act as precursors of the blocked linkage functional groups. 

Examples of CTBF's having blocked linkage or linkable functional groups are 
molecules containing Linkage Groups selected from; oxime, hydrazone, N-acyl 
hydrazone, secondary amine, tertiary amine, acetal, ketal, 1,2 amino alcohols, amide, 
N,N-disubstituted amides, thioamide, ureido, thioureido, carbamate, thiocarbamate, 
thiothiocarbamate, sulfonamide, carbamate, guanidino, amidino, thioester, ester, ether, 
2-hydroxyether, 2-hydroxythioether, thioether, disulfide, alkane (alkylene), alkene 
(alkenylene) and alkyne (alkynylene). Prefered monomers will contain the above 
functional groups as LG's. 

Steps b-d below may be combined into a single screening step that may be referred 
to as a first screening step, a pre-selection step or a pre-screening step. 



20 



(b) Contacting the candidate target binding fragments with a target 
biological molecule (TBM). 
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Contacting of the TBM with one or more members of the library may be 
conducted either individually or multiply. Preferably each candidate target binding 
fragment is contacted individually with the TBM. For example, this may conveniently 
be done in a 96 well format plate so that the formation of a complex with each member 
5 of the library can be conveniently evaluated without requiring any deconvolution step. 
The contacting step is often conducted at relatively high concentrations of the CTBF, 
so that Kd's as low as about 5 mM can be measured (see below). 

The Target Biological Molecule (TBM) may be any biological molecule 
preferably of mammalian and most preferably of human origin. Optionally preferred 
1 0 TBM's may be human pathogen proteins such as viral proteins from viruses that infect 
human cells. Preferred TBM's are proteins most preferably secreted proteins. 
Preferred secreted proteins include; enzymes, cytokines, hormones, growth factors and 
their receptors. The TBM's may be isolated from natural sources or made 
recombinately in a host cell. Normally the atoms of the TBM will contain the natural 
15 abundance isotopes, but in some circumstances may be enriched. When the target is a 
receptor or a cell surface bound molecule, the TBM may conveniently be the 
extracellular domain or a derivative thereof. 

In a preferred embodiment of the method, the Target Biological Molecule is 
not a single biological molecule; rather it is two or more molecules. For example, 
20 preferred TBM's may be protein-protein, protein-DNA/RNA, protein-substrate pairs. 
By way of illustration, a ligand-receptor pair may be the actual target when an ELISA 
or other biological assay requiring two or more biological molecules is used to 
measure a physical association (see below) such as binding or activity. The binding 
constant, IC50 or other measurement may result from the CTBF binding with either 
the Ligand, receptor or both. Similarly, when selected fragments are cross-linked (see 
below) and re-screened against the ligand-receptor pair, the recombined fragments 
may bind with the ligand, receptor or both. 

(c) Measuring a change in a first physical association 1 (PA-1) of the 
target biological molecule. 



25 
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may also include any measurable physical ,h,™- . 
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cc™ f :t r (bfl) to fm candidate ~- — — g fragments 

(CXL-TBF)^ the second screening step according to the general eouatiom 



CXL-TBF | 



10 



15 
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TBF m - P art b ~I rrrr . 

I [ [ TBF„-part D ^ 
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The CXL-TBF's are sometimes referred to as » u 
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group LG ,s formed as the reaction product between th, v u kl , < 

- — -d,„ g fragmeniw and . i h e mi ca":::: c t unct r a ' sroup on 

on tbe ctoss-„n k er. Tb,s step may be referred to as a cZ I 7 gr ° UP ^ 
"combination" or "recombination" „.„ "* P 0r S ° me " mes a 



- 30 - 



Compatible functional group herein means capable of reacting with to form a 
stable LG. 

The cross-linker is a small organic molecule having at least one cross-reactive 
functional group capable of reacting with the linkable functional group of at least one 
of the target binding fragments. Commonly, the cross-linker will have 2-4 such cross- 
reactive functional groups and most commonly 2 such groups. In this case the cross- 
linker is referred to as a bifunctional linker (BPL), either homo-bifunctional or hetero- 
bifunctional depending on whether the compatible functional groups are the same or 
different from one another. 

In the case where the cross-linker has a single cross-reactive functional group 
the candidate cross-linked target binding fragment, CXL-TBF, is simply the reaction' 
product of these two molecules: 



TBF„ 



LFGi + 



XLq — CFG, 



CTBF I LG-XL (or simply CXL-TBF) 



A simple example of such a reaction would be the product of an aldehyde and 
an amine. In this exemplary case Rl is a TBF and R2 Is XL where LFG-1 is an 
aldehyde and CFG-1 is a primary amine: 
O 



H 



In this case LG is the resulting secondary amine, -(NH)-. 

In the case where the cross-linker is a bifunctional linker, BFL, the linker has 
two cross-reactive linking groups and may be represented generally as: 

CFG 1 — | XL |— CFG 2 

In this case, reacting two target binding fragments from the first screen above, each 
with its own linking functional group with the above BFL may be represented: 

+ CFG 1 — [ XL | — CFG 2 



TBF m — LFGi 



TBF n 



— LFG, 



TBF m [ — lGt- | XL J LGhr- fTBF^ 



In the most general case of the above reaction, the two target binding fragments 
will have different linkable functional groups and will be linked by a hetero- 
bifunctional linker (het-BFL). In the most common case, both TBF will have the same 
CFG and will be linked by a homo-bifunctional linker (homo-BFL). In some cases, 
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■urge, binding fragments naving differe „, „ nkabte ^ 

w, t h a homo-BFL and target binding fragments having the same , inkab , e functjona , 
groups may be linked with a het-BFL. 

Higher order linking g roups such w . a „ d tetra . flmcIj(mai ^ ^ 

be empioyed in th e method of this invention. By way of i„ ustrallon a Afunctional 
linker such as that shown below may be used: 

J, Njl ^^.^ 1 

■ 0 CT^N^CI . r 3 -nh 2 R JLL 

H 3 — N N NH 

M I 

In each of ,he above casea, the product of ,he cross-finking reacdon product 
cand,da,e cross-finked targe, binding fragments) (CXL-TBF). These ea„dida,e 
molecu.es, typically with a molecular weigh, of 400 - 600 daltons, are then screened a 
15 second time against the target biological molecule. 

Steps f-h below may be combined into a single screening step that may be 
referred to as a second screening step, a selection step or a final screening step. 

(0 Contacting the candidate cross-.inked targe, binding fragments 
20 with the target biological molecule. 

Contacting of the TBM and one or more members of the library of candidate 
cress-linked target binding fragments (CXL-TBF) may be conducted either 
mdtvtdually or muhiply as before. Preferabiy each candidate cross-iinked target 
b,nd,„g fragment is contacted individually with the tb m , The co . ^ 

usually conducted a, ,ower concentrations of the CXL-TBF compared .0 CTBF's in 
the fire, screenmg step, so that Kds in the micromolar or nanomolar range can be 
measured. The contacting forma, may be the same or different from tha, in ,he first or 
pre-screening step. Thus for example ,he ,w„ con,ac,i„g s ,e ps may bd,h be par, of a 
btndtng assay (e.g. ELISA) or, for example, the second contacting step may be a 
tunctrenal activity assay or cell based binding assay. 

(g) measuring a change in a second physical association (PA-2) of the 
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target biological molecule. 



The second physical association (PA-2) measurement for the CXL-TBFs may be 
the same as that used for the CTBF's or may be a different physical measurement. 
Preferably the second physical association measurement will be a biological 
measurement rather than a physical chemical measurement such as spectroscopic or 
the like. 

(h) selecting cross-linked target binding fragments (XL-TBF) based of 

(g). 



The cross-linked target binding fragments (XL-TBF) selected will typically 
have a Kd, IC-50 or the equivalent of 500 nM or better. These XL-TBF's are useful as 
drug lead pharmaceutical candidate molecules. 

m Specific Chemistry 

Many chemistries may be employed to produce linkable functional groups or to 
block or derivitize them. Similarly a wide array or linking chemistries are possible 
Described below are a number of chemistries suitable for rapid high throughput 
screening. This description is meant to be illustrative and not limiting. In the 
description below the term "CTBF" is equivalent to "CTBF-part A" plus " CTBF-part 
B" defined above. Similarly, Linkable functional group is used interchangeably with 
linkage functional group. 

The term "alkyl" means a cyclic, branched or unbranched saturated or 
unsaturated hydrocarbon radical having the number of carbons specified,, or if no 
number is specified, up to 12 carbon atoms. 

The term "aryl" means a homocyclic aromatic hydrocarbon radical having 
from 6-14 carbon atoms. Examples include phenyl, napthyl, biphenyl, phenanthrenyl, 
napthacenyl and the like. 

The term "heteroaryl" means a heterocyclic aromatic radica'l having from 4-13 
carbon atoms and from 1 -6 heteroatoms selected from N, O, S and P. 

The term "heterocycle" means a saturated or partially unsaturated cyclic radical 
having from 3-13 carbon atoms and from 1-6 heteroatoms selected from O, S, N and P. 
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The term aJkoxy means an a kyl radical as define ,u 

, y "wcai, as defined above, substituted with 

an oxo radicai"(-0-) 



The term "acyl" means alkanoyl or alkylcarbonyl having from 1-12 
The term "carboxy ester" means acyloxy or alkanoyloxy having from 1- 



5 u " J " a " yiUA y or alkanoyloxy having from 1-19 

carbon atoms. 

The tem "carboxamide" means aJMcarbony.amino having from 1-12 carbon 

atoms. 

GENERAL NOTE: When CTBFs are emp.oyed with BLFGs, ihey m a y be 
10 prepared as described below fro m CTBFs comaining t he corresponding LFGs 
Airemariveiy. i, raay be pracrica, ,o purchase, omerwise ac q uire, or prepare by known 
meihods the CTBFs with BLFGs using atamarive chemistry 



15. 



Candidate Target Binding Fragments or Molecules (CTBFs) 

Mo 2rt T ^ ^ ^ Unka8e MCti ° nal 8r ° UpS ^ * ^on^ 
blocked linkage Junctional groups 

(a). The linkage functional group is the carbony, group present in an aldehyde 

20 I 3 ThCSe CTBFS ^ ^ — — ^ « -y be prepared by a 

vanety of known methods to those practiced in the art. 

Aldehyde CTBFs are represented as follows. 

CTBF ( -CHO 



Ketone CTBFs are represented with two different parts (A and B) of the CTBF 
25 attached to ketone carbonyl as shown below. 



CTBF-part A 



| CTBF-part B 

30 ' "" 



b,o v T, t A ' tCraa " Ve,y - ^ Hbrary iS — «- w«- ,he ox.me group as me 
hlocked hnxage funciona, group (BLFG). TheS c CTBFs are prepared by 
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of aldehydes or ke[ones LFG , s wjth ^ 0 substtated 

■neonate fa. , to 10 heKroatoms ^ Q p _ $) ^ ^ ^ ^ 
up t0 five „ ^ (R9 , ^ ^ ^ 

I r °' " acyiamino ' a,tay ' — • — 

« R° n,a y a, S o oe an a,,, „ r heteroaiy , group ^ „ op[jonaI]y 

WW. t^yu ca.boxy ea«e r , carooxamioe, an.no, Mac^no, a, k ox y 
hydroxy, mercapto, phosphono). y ' 



10 



CTBF | — CHQ + H 2 N-OR 8 



1 V 

CTBF — CH 



,OR a 



| CTBF-part A hj^ 



15 



or 

+ I^N-OR 8 



CTBF-part B 



CTBF-part A 



,N-OR 8 



| CTBF-part B 



20 



BLFG TH " bra,y " Wi ' h *» W—. group as the 

n J T ™ prepared by condensation of « ^'«* 

w, th an „-sn tat , tuted hydra21ne(March , Mvmad 0rgmic chemisfry john 
Sons Ne w York , 4 . edi „ on , ^ pp ^ rj 

orancned a, ky , sroup of , ength , [0 which ^ ^ « 

h~o-» (N, O. P, S) w itWn the chain . R8 may a , so be ^ ^ ^ 
groups «, „ alkyl , ^ carbMy ^ carbQxami ^ amino ^ 

7 ^ -ca Pto , P „„ sphono , SUIphono , RS may also be • 

carboxan.de, a mi no, *.ac yl a rai „c, a, k „x y , hydroJ(y , mercap[0 , p „ 0 J y ^ 



CTBF | CHQ + H 2 N— NHR 8 



1 If 

CTBF -CH 



,NHR 8 



.10 



CTBF-part A 



2£ 



or 

+ H^N— NHR 8 



CTBF-part B j 



CTBF-part A 



JSJ— NHR 8 



CTBF-part B [ 
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(d). Alternatively, the library is assembled with the N-acylhydrazone group as 
the BLFG. These CTBFs are prepared by condensation of aldehydes or ketone LFG's 
and an N-acyl hydrazine. Many reaction conditions are known to those practiced in 
5 the art (e.g., [March et al. supra, pp. 905-906] and [Li et al. Chem. Biol., 1: 37 
(1994)]). X may be nothing, O, S, NH or NR*. R 8 or R9 may be H> Qf a stfaight ^ 
or branched alkyl group of length 1 to 10, which may incorporate from 1 to 10 
heteroatoms (N, O, P, S) within the chain. R8 or R 9 may aIso bg appended ^ up ^ 
five RIO groups (RlO is alkyl , ^ heteroaryl> carboxy ^ ^ ^_ 

1 acylamino, alkoxy, hydroxy, mercapto, phosphono, sulphono). R8 or R 9 may also be 
an aryl or heteroaryl group that is optionally substituted (alkyl, aryl, heteroaryl 
carboxy ester, carboxamide, amino, N-acylamino, alkoxy, hydroxy, mercapto, 
phosphono). 



H 

or 



CTBF-part A 



20 



CTBF-part B 



CTBF-part B 



(e). Alternatively, the library is assembled with an amine group as the BLFG. 
These CTBFs are prepared by reductive amination of aldehydes or ketone LFGs A 
large number of reducing agents could be employed that are known to those practiced 
«n the art (March, et al. supra, pp. 898-900). R« or R* may be H, or a straight chain or 
branched alkyl group of length 1 to 10, which may incorporate from 1 to 10 
heteroatoms (N, O, P, S) within the chain. R8 or R9 may also be appended ^ up to 
five R10 groU ps (RlO is aIky|> aryI> heteroary , carboxy ^ carboxamide) ^ N 

acylamino, alkoxy, hydroxy, mercapto, phosphono, sulphono). R8 or R9 ma y also be 
an aryl or heteroary. group that is optionally substituted (alkyl, aryl, heteroaryl 
carboxy ester, carboxamide, amino, N-acylamino, a.koxy. hydroxy, mercapto, 
phosphono). 
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CTBF 



—CHO + HNR 8 R 9 reducing agent 



I^R 9 



CTBF — CHg 



or 



CTBF-part A 



HNR 8 R 



8 D 9 



reducing agent 



CTBF-part A 



NR 8 R 9 
—I — H 



CTBF-part B | 



CTBF-part B 
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20 



(0. Alternatively, the library is assembled with an acetal or ketal group as the 
BLFG. These CTBF's are prepared by condensing the aldehyde or ketone LFG's with 
a diol. Conditions for the preparation of acetals or ketals are known to those practiced 
, 0 in the art (March, et al. supra, pp. 889-891). R* may be a straight chain or branched 
alkyl group of length 2 to 10, which may incorporate from 1 to 10 heteroatoms (N, O, 
P, S) within the chain. R» may also be appended with up to five R9 groups (R» is 
alkyl, aryl, heteroaryl, carboxy ester, carboxamide, amino, N-acylamino, alkoxy, 
hydroxy, mercapto, phosphono, sulphono). R8 may also be an aryl or heteroaryl 
group that is optionally substituted (alkyl, aryl, heteroaryl, carboxy ester, carboxamide, 
amino, N-acylamino, alkoxy, hydroxy, mercapto, phosphono). R« may be a straight 
chain or branched alkyl group of length 2 to 10, which may incorporate from 1 to 10 
heteroatoms (N, O, P, S) within the chain. R» may also be appended with up to five 
R 9 groups (R9 is alkyl, aryl, heteroaryl, carboxy ester, carboxamide, amino, N- 
acylamino, alkoxy, hydroxy, mercapto, phosphono, sulphono). R» may also be an 
aryl or heteroaryl group that is optionally substituted (alkyl, aryl, heteroaryl, carboxy 
ester, carboxamide, amino, N-acylamino, alkoxy, hydroxy, mercapto, phosphono). 



CTBF 



—CHO + 



HO-R^OH 



25 



CTBF 



or 



CTBF-part A 



HO-R*-OH 



9-?' 



C—R a 



CTBF-part B 



- | CTBF-part A | — j — O 



CTBF-part B 
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(g). Alternatively, the library B LFG's may be prepared by condensing the 
aldehyde or ketone LFGS with an amino alcohol or an amino thiol. Methods to prepare 
the product oxazolidines and thiazolidines are known to those practiced in the art (e.g., 
oxazolidines: Ede, et al. Tetrahedron Letters, 38: 7119-7122 (1997), and thiazolidines: 
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Patek et al. Tetrahedron Letters, 36:2227-2230 (1995)) R 8 „ 

. U^j;. R» or may be a straight 

chain or branched alkyl group of length 2 to in wh,^ 

g " Z 10 1U> whlch may incorporate from 1 to 10 
het_ (N, O, P. S, within to chain . R8 may a|sQ be appende(f ^ M flve 

^ «'» group, (R.0 ls Mkyl , ^ heteroaryJ carboxy esKr carbMamjde ^ ^ 

acy.amino, a ,koxy, hydroxy. mercapto, phosphono, su,pho„o). R8 may a , s0 „, a „ 
ary, or heteroa^l group th a. „ optionally subsIi , uted ^ ^ 

eater, carhoxamide, amino. N-acylami„o, alkoxy, hydroxy, mercapto, phosphono) R> 
may be H, or a straigh. chain or branched alky! group of ,eng,h 1 t0 10, which may 
"corporate from ! ,o ,0 hematoma (N. O. P. S) within the chain. R» may a,so be 
appended with up to five R>1 groups (RI1 is aikyl. aryl, heteroary,, carboxy ester 

carhoxamide, amino, ^-acyiatnino, aikoxy, hydroxy, tnercapto, phosphono, suiphono). 
^ *° ta " "* " hetero ^ 1 ^"P *a. is optionaUy substituted (alkyl ary, 

heteroary,, carboxy ester, carboxamide, amino, lV-acy,amino, aikoxy, hydroxy' 

mercapto, phosphono). 



CTBF f -CHO + HO— R 8 — NHR 9 



8 



CTBF — C-NR 9 
H 



or 



20 



CTBF-part A 



if 



| CTBF-part B 



HO-R*-NHR 9 



CTBF-part A 



O-R 8 
NR 9 



CTBF-part B 



25 



0 



(h). Alternatively, the hbrary is assembled with the alkene g ro up as the 
Mocked linkage functional group (BLFG). These CTBF-s are prepared by 
condensation of aldehydes or ketone LFO's with phosphorous yhdes Otayanoff e. a, 
ReVieWS - 89 ' 863 " 927 (1989 >- « and R' may be H or a stratgh. chain or 
branched alky, group of length 2 to ,0, which may incorporate from , to 10 
eteroatoms (N, O, P, S) within the chain. R' and R° may a,so be appended w,th up to 
five R groups (R , s a ,ky,, ary,. heteroary,. carboxy este, carhoxamide, amino. N- 
acy,am,no. aikoxy, hydroxy, mercapto, phosphono. sulphono). R' and R' may also be 
an aryl or heteroary! group tha, is optionally substituted (alkyl, aryl. heteroaryl 
carboxy ester, carhoxamide. amino N-acylamino. alkoxy. hydroxy, mercap.o,' 
Phosphono. sulphono). R- and R* may also be halogens and heteroa.oms 
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ICTBF 



-CHO + 

R 9 



fCTBF[ — CH 



CTBF-part A | + L "'S tr ^ 

c 



I CTBF-part A 



CTBF-part A 



CTBF-part a] 



10 



15 



20 



(i). Alternatively, carbanions, usually stabilized carbanions, may also be added 
into the carbonyl. Either the alcohol product A is obtained, or the hydroxyl group is 
eliminated to provide an alkene B. Numerous methods are available for performing 
this transformation (March et al., supra, 937-950). ). R 8 and R' may be H or a straight 
chain or branched alkyl group of length 2 to 10, which may incorporate from 1 to 10 
heteroatoms (N, O, P, S) within the chain. R 8 and R' may also be appended with up to 
five R 10 groups (R 10 is alkyl, aryl, heteroaryl, carboxy ester, carboxamide, amino, N- 
acylamino, alkoxy, hydroxy, mercapto, phosphono, sulphono). R 8 and R' may also be 
an aryl or heteroaryl group that is optionally substituted (alkyl, aryl, heteroaryl, 
carboxy ester, carboxamide, amino N-acylamino, alkoxy, hydroxy, mercapto, 
phosphono, sulphono). R 8 and R' may also be halogens and heteroatoms. 



25 H n« 

CTBF— CHO + ^C— R 9 



base 



OH 

|CTB^ -c'h^ / 

I 



CTBFf — CH 



30 



|CTBF-partA[— f° t iff^ [cTBF-partA^ C^ CH ^ 



I CTBF-part a | 



(CTBF-part A 



| CTBF-part A | 
A 



| CTBF-part A 1 
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2. Primary and secondary amines as the linkage functional groups and the 
correspondingijldcked linkage functional groups . 

(a). The linkage functional group is the basic nitrogen of primary or secondary 
amines. These CTBFs may be available commercially, or may be prepared by a 
5 variety of known methods to those practiced in the art. CTBF's that have a primary 
amine LFG's are represented as follows. 



CTBF — NH 2 



CTBF's that have a secondary amine LFG's are represented with two different parts 
, 0 (A and B) of the CTBF attached to the amine group as shown below. 



CTBF-part A [— ijjh 



CTBF-part B | 



(b). Alternatively, the library may be assembled as secondary or tertiary amine 
15 BLFGs. 

(i). CTBF's with secondary or tertiary amine BLFG's may be prepared 
by reductive amination of primary amine or secondary amine LFG's, respectively, 
with aldehydes and ketones. A large number of reducing agents could be employed 
that are known to those practiced in the art (March, et al. supra, pp. 898-900). R« or 

20 R* may be H, or a straight chain or branched alkyl group of length 1 to 10, which may 
incorporate from 1 to 10 heteroatoms (N, O, P, S) within the chain. R« or R* may also 
be appended with up to five R™ gr0 ups (RlO is alkyl> aryl , heteroaryl) carboxy ^ 
carboxamide, amino, N-acylamino, alkoxy, hydroxy, mercapto, phosphono, sulphono). 

^ R* or R9 may also bfi an ary , Qr heteroaryl group that . s optionaUy substituted . (alky]) 

aryl, heteroaryl, carboxy ester, carboxamide, amino, N-acylamino, alkoxy, hydroxy, 
mercapto, phosphono). Numerous reductive amination methods may be used that are' 
known to those practiced in the art. 



8 D 9 



CTBF I — NH, + R 9 COR 8 Reducing Agent r-— , 9 HR8R 

— J - ~ Pharmacophore [ — NH 



.10 

or 
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CTBF-part A 



~ — NH + F^COR 8 



Reducing Agent 



pHR 8 R 9 



CTBF-part A — N 



CTBF-part B 



CTBF-part B 



20 



(ii). Alternatively, CTBF's with secondary or tertiary amine BLFG's 
5 may be prepared by reaction of primary or secondary amine LFG's, respectively, with 
an aryl, heteroaryl or alkyl group substituted with a leaving group X, where X may be 
a halide or a sulfonate group (OSO2R where R is substituted or unsubstituted alkyl or 
aryl, e.g. CH3, CF3, phenyl-CH 3 and phenyl-N0 2 ). The halide could be attached to 
aromatic or heteroaromatic functionality on R 8 , or it could be attached to an aliphatic 
10 group on R 8 . When X is substituted upon aromatic and heteroaromatic functionality, 
an StfAr reaction or a palladium-mediated (or related transtion metal mediated) amine 
coupling reaction would be performed [e.g, March, et al. supra, pp. 656-657; Wagaw 
et al., J. Am. Chem. Soc, 1 19: 8451-8458 (1997) and references therein; and Ahman et 
al. Tetrahedron Letters, 38: 6363-6366 (1997)]. Where X is substituted upon alkyl 
functionality, an Sn2 or Sj$l reaction would be performed (March, et al., supra, pp. 
411-413). R 8 may be H, or a straight chain or branched alkyl group of length 1 to 10, 
which may incorporate from 1 to 10 heteroatoms (N, O, P, S) within the chain. R 8 
may also be appended with up to five R 9 groups (R 9 is alkyl, aryl, heteroaryl, carboxy 
ester, carboxamide, amino, N-acylamino, alkoxy, hydroxy, mercapto, phosphono, 
sulphono). R 8 may also be an aryl or heteroaryl group that is optionally substituted 
(alkyl, aryl, heteroaryl, carboxy ester, carboxamide, amino, N-acylamino, alkoxy, 
hydroxy, mercapto, phosphono). 



15 
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CTBF — NH 2 



X-R 8 



CTBF — NH 



or 



30 



CTBF-part A 



-NH 



X-R fi 



CTBF-part B 



CTBF-part A — N 



CTBF-part B 



(iii). Alternatively, CTBF's with secondary or tertiary amine BLFG's 
may be prepared by reaction of primary or secondary amine LFG's, respectively, with 
a substituted epoxide (March, et al., supra, p. 416). Many epoxides are available 
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commercially. Alternatively they can be prepared by a number of known methods to 
those practicedin the art, most preferably by epoxidation of an alkene. R 8 to R" may 
be H, or a straight chain or branched alkyl group of length 1 to 10, which may 
incorporate from 1 to 10 heteroatoms (N, O, P, S) within the chain. R 8 to R 11 may 
also be appended with up to five Rl2 groups (R« is alkyl, aryl, halide, heteroaryl, 
carboxy ester, carboxamide, amino, N-acylamino, alkoxy, hydroxy, mercapto, 
phosphono, sulphono). R 8 to R" may also be an aryl or heteroaryl group that is 
optionally substituted (alkyl, aryl, halide, heteroaryl, carboxy ester, carboxamide, 
amino, N-acylamino, alkoxy, hydroxy, mercapto, phosphono). 

R 8 



CTBF 



-NH 2 + 



R 9 F 



R 10 

R 11 



CTBF — NH 




H 

R 10 
R 11 



or 



CTBF-part A — NH 



+ R 9 • 



CTBF-part A 



CTBF-part B 



k t Q11 



CTBF-part B 



(c). Alternatively, the library may be assembled as amide or thioamide 
BLFG's. These CTBF's may be prepared by coupling primary and secondary amine 
LFG's with carboxylic acids (X = H), carboxylic acid derivatives (X = OR, SR, 
halide), or the corressponding thiocarboxylic acid derivatives (X = OR, SR, halide). 
Numerous methods are also available for coupling carboxylic acids and carboxylic 
acid derivatives with amines and are known to those practiced in the art [e.g., March, 
et al., supra, pp. 417-425; and Fields et al. Int. J. Peptide Protein Res. 35:181-187 
(1990)]. R 8 may be H, or a straight chain or branched alkyl group of length 1 .to 10, 
which may incorporate from 1 to 10 heteroatoms (N, O, P, S) within the chain. R 8 
may also be appended with up to five R? groups (R* is halide, alkyl, aryl, heteroaryl, 
carboxy ester, carboxamide, amino, JV-acylamino, alkoxy, hydroxy, mercapto, 
phosphono, sulphono). R 8 may also be an aryl or heteroaryl group that is optionally 
substituted (halide, alkyl, aryl, halide, heteroaryl, carboxy ester, carboxamide, amino, 
/V-acylamino, alkoxy, hydroxy, mercapto, phosphono). 
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CTBF 



-NHo 



CTBF-part A 



NH 



z = o,s 

+ X^R 8 



CTBF 



or 



CTBF-part A 



CTBF-part B | Z = O.S 



-NH 

z = o,s 



CTBF-part B 
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(d). Alternatively, the library may be assembled as urea or thiourea BLFG's. 

(i). These CTBF's may be prepared by condensation of primary or 
1 0 secondary amine LFGs and isocyanates or isothiocyanates. The direct coupling of 
isocyanates and isothiocyanates with amines is known to those practiced in the art 
(March, et al., supra, p. 903). R« may be H, or a straight chain or branched alkyl 
group of length 1 to 10, which may incorporate from 1 to 10 heteroatoms (N, O, P, S) 
within the chain. R« may also be appended with up to five R? groups (Rf is alkyl, 
aryl, heteroaryl, carboxy ester, carboxamide, amino, N-acylamino, alkoxy, hydroxy, 
mercapto, phosphono, sulphono). R 8 may also be an aryl or heteroaryl group that is 
optionally substituted (alkyl, aryl, heteroaryl, carboxy ester, carboxamide, amino N- 
acylamino, alkoxy, hydroxy, mercapto, phosphono). 

Z 

Z=C=N-R 8 *: | CTBF h -N^N-'" 8 

Z =0, S 



15 



CTBF — NH 2 + 



H H 

z = o,s 



or 



25 



CTBF-part A — NH 



CTBF-part B 



Z=C=N— R 8 
Z =0, S 



CTBF-part A 



i 



H 



CTBF-part B 



(ii). Alternatively, these CTBF's may be prepared by a two step 
process. In the first step, the primary or secondary amine LFG's is converted to 
.10 carbamate (thiocarbamates) or related derivatives where X and Y are alkoxy groups, 
mercaptyl groups, halides, or other suitable leaving groups. In the second step a 
primary or secondary amine is added (e.g., Hutchins, Tetrahedron Letters, 35: 4055- 
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4058, (1994) and references therein). R» and R* may be H, or a straight chain or 
branched alkyfgroups of length 1 to 10, which may incorporate from 1 to 10 
heteroatoms (N, O, P, S) within the chain. R* and R9 may also be appended with up 
^ to five RIO groups (RlO is alkyl , aryl> heteroaryJ> carboxy ^ carboxamid6) ^ 

5 JV-acylamino, alkoxy, hydroxy, mercapto, phosphono, sulphono). R8 and R* may also 
be aryl or heteroaryi groups that is optionally substituted (alkyl, aryl, heteroaryl, 
carboxy ester, carboxamide, amino JV-acylamino, alkoxy, hydroxy, mercapto,' 
phosphono). 



10 



d) 



(2) 



CTBF 



X 

— NH 2 + >C^ 



Y 

Z = O.S 



C TBF K m- -y 
H 



I. 



A 



15 



CTBF L A. 
I 1 N Y + NH 

U 

2 = O.S R 



2 

I CTBF k M A, r R 8 



H is 



2=O.S 



or 
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(i) 



(2) 



CTBF-part A 



— NH 



CTBF-part B 



2 = 0, S 



| CTBF-part A 



| CTBF-part B [ 



CTBF-part A [ — 



CTBF-part B 



R 9 



CTBF-part A — N 



| CTBF-part B 
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(iii). These CTBF's may also be prepared by condensation of primary 
or secondary amine LFG's and carbamates, thiocarbamates, or related derivatives 
where X is an alkoxy group, a mercaptyl group, or a halide (e.g., Hutchins, 
Tetrahedron Utters, 35: 4055-4058, (1994) and references therein). R« and R* may 
be H, or a straight chain or branched alkyl group of length 1 to 10, which may 
incorporate from 1 to 10 heteroatoms (N, O, P, S) within the chain. R8 and R* may 
also be appended with up to five RlO gr0U ps (RlO is aIkyI , ary]> heteroarylj carboxy 

ester, carboxamide, amino, /V-acylamino, alkoxy, hydroxy, mercapto, phosphono, 
sulphono). R8 and R 9 may aIso be ary , Qr groups ^ ^ 

substituted (alkyl, aryl, heteroaryl, carboxy ester, carboxamide, amino A/-acylamino, 
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alkoxy, hydroxy, mercapto, phosphono). 

X R 8 



CTBF 



— NHg + 



R 9 

Z = 0,S 



H R 9 

Z = O.S 



8 



or 



CTBF-part A 



-NH 



[ CTBF-part B ] 



CTBF-part A [ — n 



2 = O.S 



R* 



CTBF-part B 



(d). Alternatively, the library may be assembled as sulfonamide BLFG's. 
These CTBF's may be prepared by coupling primary and secondary amine LFG's with 
sulfonic acids (X = H) or sulfonic acid derivatives (X = OR, SR, halide). Numerous 
methods are available for coupling sulfonic acids and sulfonic acid derivatives with 
amines and are known to those practiced in the art (e.g., March, et al., supra, p. 499, 
Greene, et al. Protective Groups in Organic Synthesis, John Wiley & Sons, New York, 
T" edition, 1991, pp. 379-385). R« may be H, or a straight chain or branched alky] 
group of length 1 to 10, which may incorporate from 1 to 10 heteroatoms (N, O, P, S) 
within the chain. R« may also be appended with up to five R? groups (R9 is halide, 
alkyl, aryl, heteroaryl, carboxy ester, carboxamide, amino, W-acylamino, alkoxy, 
hydroxy, mercapto, phosphono, sulphono). R» may also be an aryl or heteroaryl group 
that is optionally substituted (halide, alkyl, aryl, halide, heteroaryl, carboxy ester, 
carboxamide, amino, W-acylamino, alkoxy, hydroxy, mercapto, phosphono). 



CTBF 



— NH2 + 



CTBF-part A } — 



■NH 



X- &S R" 



, 

£™Lj-n^rb 

H 



or 



CTBF-part A 



CTBF-part B 



CTBF-part B 



(e). Alternatively, the library may be assembled as carbamate, thiocarbamate 
or related BLFG's. These CTBF's may be prepared by condensation of primary and 
secondary amine pharmacophores with carbonyl derivatives (X = halide, OR, SR; Y = 
S.O; Z = S.O). Numerous methods are known to those practiced in the art (e.g., March, 
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et al., supra, p. 418; and Greene, et al., supra, pp. 315-348). R8 may be H, or a 
straight chain or-branched alky I group of length 1 to 10, which may incorporate from 1 
to 10 heteroatoms (N, O, P, S) within the chain. R» may also be appended with up to 
five R9 groups (R 9 is alkyl, aryl, heteroaryl, carboxy ester, carboxamide, amino, N- 
5 acylamino, alkoxy, hydroxy, mercapto, phosphono, sulphono). R» may also be an aryl 
or heteroaryl group that is optionally substituted (alkyl, aryl, heteroaryl, carboxy ester, 
carboxamide, amino W-acylamino, alkoxy, hydroxy, mercapto, phosphono, sulfono). 



10 



15 



CTBF 



— NH 2 



CTBF 



I 

r"YR £ 



Z = O.S; Y = S, O 



or 



[CTBF — Part A — 



-NH 



X^YR 8 



CTBF— Part A — N 



CTBF — Part B 



Z = O.S; Y = S..O 



[ 



CTBF— Part B 



J 



(f). Alternatively, the library may be assembled as guanidine BLFGs. These 
CTBFs may be prepared by condensation of primary and secondary amine 
pharmacophores with carbonyl derivatives (X = halide, OS02R, OR, SR) [Roskamp, 
20 et al. Tetrahedron, 53:6697-6705 (1997)]. R« may be H, or a straight chain or 
branched alkyl group of length 1 to 10, which may incorporate from 1 to 10 
heteroatoms (N, O, P, S) within the chain. R« may also be appended with up to five 
R 9 groups (R9 is alkyl, aryl, heteroaryl, carboxy ester, carboxamide, amino, N- 
acylamino, alkoxy, hydroxy, mercapto, phosphono, sulphono). R» may also be an aryl 
or heteroaryl group that is optionally substituted (alkyl, aryl, heteroaryl, carboxy ester, 
carboxamide, amino W-acylamino, alkoxy, hydroxy, mercapto, phosphono, sulfono). 

MR 10 



25 



30 



CTBM — NH 2 + 



NR 



NR 8 R 9 



CTBM 



3^ 

H 



NR R 



8 D 9 



or 
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NR 10 NR 10 
|CTBM— Fragment A [ — NH + X^NR 8 R 9 ^ | CTBM — Fragment A [— N ft 



CTBM — Fragment A — N NR 8 R 9 



CTBM— Fragment B | | CTBM— Fragment B 



3. Epoxides as the linkage functional groups and the corresponding blocked linkage 
functional groups. 

(a). The linkage functional group is the epoxide group. These CTBFs may be 
available commercially, or may be prepared by a variety of known methods to those 
practiced in the art. 

Epoxide CTBFs are represented with four parts (A through D) of the CTBF attached to 
the epoxide group as shown below. Each fragment may be H, or functionality 
whereby a carbon atom is directly attached to the epoxide functionality. 



CTBF— Part A 



CTBF— Part B 




CTBF — Part C 



CTBF — Part D 



(b). Alternatively, the library may be assembled as 1,2-amino alcohol BLFGs. 
These CTBFs may be prepared by coupling epoxide LFGs with primary or secondary 
amines employing known methods to those practiced in the art (March, et al., supra, p. 
416).. R 8 or R 9 may be H, or a straight chain or branched alkyl group of length 1 to 
10, which may incorporate from 1 to 10 heteroatoms (N, O, P, S) within the chain. R 8 
or R 9 may also be appended with up to five R 10 groups (R 10 is alkyl, aryl, heteroaryl, 
carboxy ester, carboxamide, amino, N-acylamino, alkoxy, hydroxy, mercapto, 
phosphono, sulphono). R 8 or R 9 may also be an aryl or heteroaryl group that is 
optionally substituted (alkyl, aryl, heteroaryl, carboxy ester, carboxamide, amino, N- 
acylamino, alkoxy, hydroxy, mercapto, phosphono). 



CTBF — Part 



C 



CTBF — Part 



^f^/V ^H CTBF Part C | ^ | CTBF- Part A K?" J[ CTBF-Part C | 

"EJT \ CTBF-PartO | +N » RSR8 — I CTBF Part B \ ^f ^ CTBF — Part D | 



(c). Alternatively, the library may be assembled as, 2-hydroxy thioether 
BLFGs. These CTBFs may be prepared by coupling epoxide LFGs with thiols 
employing known methods to those practiced in the art (Wardell, in Patai The 
Chemistry of the Thiol Group, pt. 1; Wiley, New York, 1974, pp. 246-251). R 8 may 
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be H, or a straight chain or branched alkyl group of length 1 to 10, which may 
incorporate from I to 10 heteroatoms (N, O, P, S) within the chain. R 8 may also be 
appended with up to five R 9 groups (R 9 is alkyl, aryl, heteroaryl, carboxy ester, 
carboxamide, amino, N-acylamino, alkoxy, hydroxy, mercapto, phosphono, sulphono). 
R 8 may also be an aryl or heteroaryl group that is optionally substituted (alkyl, aryl, 
heteroaryl, carboxy ester, carboxamide, amino, N-acylamino, alkoxy, hydroxy, 
mercapto, phosphono). The 2-hydroxy thioether BLFGs may also be readily oxidized 
to more water soluble 2-hydroxy sulfoxide or sulfone BLFGs (March, et al., supra, pp. 
1201-1203). 

I CTBF Part A K ^\^^J ttF-Pa« C ] | CTBP-Part A 

| CTBF Part B ^ CTBF — Part D | + ~~ I CTBF Part B 

(d). Alternatively, the library may be assembled as,2-hydroxy ether BLFGs. 
These CTBFs may be prepared by coupling epoxide LFGs with alcohols employing 
known methods to those practiced in the art(March, et al., supra, p. 391). R 8 may be 
H, or a straight chain or branched alkyl group of length 1 to 10, which may incorporate 
from 1 to 10 heteroatoms (N, O, P, S) within the chain. R 8 may also be appended 
with up to five R 9 groups (R 9 is alkyl, aryl, heteroaryl, carboxy ester, carboxamide, 
amino, N-acylamino, alkoxy, hydroxy, mercapto, phosphono, sulphono). R 8 may also 
be an aryl or heteroaryl group that is optionally substituted (alkyl, aryl, heteroaryl, 
carboxy ester, carboxamide, amino, N-acylamino, alkoxy, hydroxy, mercapto, 
phosphono). 



^ \ CTBF— Part C | 
R a O ^ CTBF — Part TJ ~| 

4. Carboxylic acids as the linkage functional groups and the corresponding blocked 
linkage functional groups 

(a). The linkage functional group is the carboxylic acid. These CTBFs may be 
available commercially, or may be prepared by a variety of known methods to those 
practiced in the art. 

Carboxylic acid CTBFs are represented as follows. 



CTBF— Part C 



CTBF— Part D 



CTBF-Part A k /\ J CTBF-Part C ] CTBF-Part A 



CTBF-Part B \j „ weL „ 1 + H0R " 



CTBF-Part D 1 | CTBF-Part B 
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CTBF — COOH 



(b). Alternatively, the library may be assembled as amide BLFGs. These 
CTBFs may be prepared by coupling carboxylic acid LFGs (X = OH), or derivatives 
of carboxylic acid LFGs (X = OR, SR, halide) with primary or secondary amines. 
5 Numerous known methods are available for coupling carboxylic acids and carboxylic 
acid derivatives with amines to those practiced in the art [e.g., March, et al., supra, pp. 
417-425; and Fields et al. Int. J. Peptide Protein Res. 35:181-187 (1990)]. R» and R9 
may be H, or a straight chain or branched alkyl group of length 1 to 10, which may 
incorporate from 1 to 10 heteroatoms (N, O, P, S) within the chain. R« and R* may 
also be appended with up to five R™ groups (RlO is alkyl, aryl, heteroaryl, carboxy 
ester, carboxamide, amino, W-acylamino, alkoxy, hydroxy, mercapto, phosphono, 
sulphono). R8 and R» may also be an aryl or heteroaryl group that is optionally 
substituted (alkyl, aryl, halide, heteroaryl, carboxy ester, carboxamide, amino, N- 
acylamino, alkoxy, hydroxy, mercapto, phosphono). 

CTBF | ^ + Hy-R 8 | CTBF 



NR 8 R 



|8 D 9 



R 9 

(c). Alternatively, amine BLFGs could be prepared by reduction of amide 
BLFGs prepared as described above in step 4b from the corresponding carboxylic acid 
LFGs. A number of reducing agents could be employed that are known to those 
practiced in the art (e.g., March, et al., supra, pp. 1212-1213). R» or R* may be H, or 
a straight chain or branched alkyl group of length 1 to 10, which may incorporate from 
1 to 10 heteroatoms (N, O, P, S) within the chain. R« or R* may also be appended 
with up to five R10 groups (R 10 is alkyl, aryl, heteroaryl, carboxy ester, carboxamide, 
amino, N-acylamino, alkoxy, hydroxy, mercapto, phosphono, sulphono). R» or R» 
may also be an aryl or heteroaryl group that is optionally substituted (alkyl, aryl, 
heteroaryl, carboxy ester, carboxamide, amino, N-acylamino, alkoxy, hydroxy, 
mercapto, phosphono). 



]_// Reducing Agent , . t^R 9 

-^J~\r«R* I CTBF | -CH 2 



(d). Alternatively, the library may be assembled as ester BLFGs. 

(i). These CTBFs may be prepared by coupling carboxylic acid LFGs 
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(X = OH), or derivatives of carboxylic acid LFGs (X = OR, SR, halide) with alcohols. 
Carboxylic acids "and carboxylic acid derivatives may be coupled with alcohols 
employing numerous known methods to those practiced in the art [e.g., (March, et al., 
supra, pp. 392-398) and (e.g., Greene, et al., supra, pp. 227-228), and (Hughes et 
5 al.(Paquette, Series Editor in Chief), Organic Reactions, John Wiley & Sons, New 
York, 1992, vol. 42, pp. 343-347)]. R» may be H, or a straight chain or branched alkyl 
group of length 1 to 10, which may incorporate from 1 to 10 heteroatoms (N, O, P, S) 
within the chain. R« may also be appended with up to five R? groups (R9 is alkyl, 
aryl, heteroaryl, carboxy ester, carboxamide, amino, W-acylamino, alkoxy, hydroxy, 
mercapto, phosphono, sulphono)." R*» may also be an aryl or heteroaryl group that is 
optionally substituted (alkyl, aryl, halide, heteroaryl, carboxy ester, carboxamide, 
amino, N-acylamino, alkoxy, hydroxy, mercapto, phosphono).' 



P O 

CTBF — ^ + HO-R 8 ^ I CTBF \~\ 



OR 8 



(ii). These CTBFs may be prepared by reacting carboxylic acid LFGs 
with an aryl, heteroaryl or alkyl group substituted with a leaving group X, where X 
may be a halide or a sulfonate group (OSO.R where R is substituted or unsubstituted 
alkyl or aryl, e.g. CH 3 , CF 3 , phenyl-CIL. and phenyl-N0 2 ). The halide could be 
} attached to aromatic or heteroaromatic functionality on R», or it could be attached to 
an aliphatic group on R«. When X is substituted upon aromatic and heteroaromatic 
functionality, an S N Ar reaction or a palladium-mediated, copper-mediated or related 
transtion metal mediated coupling reaction would be performed. Where X is 
substituted upon alkyl functionality, an S N 2 or S N 1 reaction would be performed. 
Methods for these transformations are known to those practiced in the art [e.g., 
(March, et al., supra, pp. 398-399) and (e.g., Greene, et al., supra, pp. 228-229)]. R» 
may be H, or a straight chain or branched alkyl group of length 1 to 10, which may 
incorporate from 1 to 10 heteroatoms (N, O, P, S) within the chain. R» may also be 
appended with up to five R* groups (R* is alkyl, aryl, heteroaryl, carboxy ester, 
carboxamide, amino, W-acylamino, alkoxy, hydroxy, mercapto, phosphono, sulphono). 
R 8 may also be an aryl or heteroaryl group that is optionally substituted (alkyl, aryl, 
heteroaryl, carboxy ester, carboxamide, amino, /V-acylamino, alkoxy, hydroxy, 
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mercapto, phosphono). 



p 

CTBF | — \ 



OH 



X-R 8 



O 

CTBF \—\ 



OR e 



10 



15 



30 



(e). Alternatively the library may be assembled as thioester BLFGs. 

(i). These CTBFs may be prepared by condensation of carboxylic acid 
LFGs (X = OH), or carboxylic acid derivatives (X = OR, SR, halide) and thiols. 
Carboxylic acids and carboxylic acid derivatives may be coupled with thiols 
employing known methods to those practiced in the art (e.g., March, et al., supra, p. 
409). R 8 may be H, or a straight chain or branched alkyl group of length 1 to 10, 
which may incorporate from 1 to 10 heteroatoms (N, Q, P, S) within the chain. R 8 
may also be appended with up to five R 9 groups (R 9 is alkyl, aryl, heteroaryl, carboxy 
ester, carboxamide, amino, //-acylamino, alkoxy, hydroxy, mercapto, phosphono, 
sulphono). R 8 may also be an aryl or heteroaryl group that is optionally substituted 
(alkyl, aryl, halide, heteroaryl, carboxy ester, carboxamide, amino, N-acylamino, 
alkoxy, hydroxy, mercapto, phosphono). 



CTBF 



— ^ + HS-R 8 | CTBF [ — C 



SR 8 



20 

5. Sulfonic acids as the linkage functional groups and the corresponding blocked 
linkage functional groups 

(a). The linkage functional group is the sulfonic acid. These CTBFs may be 
available commercially, or may be prepared by a variety of known methods to those 
25 practiced in the art. 

Sulfonic acid CTBFs are represented as follows. 



CTBF 



-S0 3 H 



(b). Alternatively, the library may be assembled as sulfonamide BLFGs. 
These CTBFs may be prepared by reacting sulfonic acid LFGs (X = OH) or 
derivatives of sulfonic acids (X = halide, alkoxyl, mercaptyl) with amines (e.g., March, 
et al., supra, p. 499, Greene, et a!, supra, pp. 379-385). R 8 and R 9 may be H, or a 
straight chain or branched alkyl group of length 1 to 10, which may incorporate from 1 



- 51 - 



to 10 heteroatoms (N, O, P, S) within the chain. R 8 and R 9 may also be appended 
with up to five BT° groups (R 10 is alkyl, aryl, heteroaryl, carboxy ester, carboxamide, 
amino, Af-acylamino, alkoxy, hydroxy, mercapto, phosphono, sulphono). R 8 and R 9 
may also be an aryl or heteroaryl group that is optionally substituted (alkyl, aryl, 
heteroaryl, carboxy ester, carboxamide, amino N-acylamino, alkoxy, hydroxy, 
mercapto, phosphono). 



CTBF + HN— R 8 
1 X ' 



CTBF 



10 



R 9 r 9 

R 

6. The hydroxyl group as the linkage functional group and the corresponding blocked 
linkage functional groups 

(a). The linkage functional group is the hydroxyl group. 

These CTBFs may be available commercially, or may be prepared by a variety 
of known methods to those practiced in the art. 
15 Alcohol CTBFs are represented as follows. 

OH 



CTBF 



(b). Alternatively the library may be assembled as ether BLFGs. 

(i). The ether may be prepared by reaction of an alcohol LFG with an 
aryl, heteroaryl or alkyl group substituted with a leaving group X, where X may be a 
halide or a sulfonate group (OS0 2 R where R is substituted or unsubstituted alkyl or 
aryl, e.g. CH 3 , CF 3 , phenyl-CH 3 and phenyl-N0 2 ). The halide could be attached to 
aromatic or heteroaromatic functionality on R 8 , or it could be attached to an aliphatic 
group on R 8 . When X is substituted upon aromatic and heteroaromatic functionality, 
an SjsjAr reaction or a palladium-mediated, copper-mediated or related transtion'metal 

25 

mediated coupling reaction would be performed [(e.g., March, et al., supra, pp. 654- 
655) and Hartwig et al., supra, pp. 8005-8008). Where X is substituted upon alkyl 
functionality, an S^2 or SnI reaction would be performed. R 8 may be H, or a straight 
chain or branched alkyl group of length 1 to 10, which may incorporate from 1 to 10 
30 heteroatoms (N, O, P, S) within the chain. R 8 may also be appended with up to five 
R 9 groups (R 9 is alkyl, aryl, heteroaryl, carboxy ester, carboxamide, amino, N- 
acylamino, alkoxy, hydroxy, mercapto, phosphono, sulphono). R 8 may also be an aryl 



- 52 - 



or heteroaryl group that is optionally substituted (alkyl, aryl, heteroaryl, carboxy ester, 
carboxamide, amino, iV-acylamino, alkoxy, hydroxy, mercapto, phosphono). 



CTBF 



OH + X — R 8 CTBF O-R 8 



(ii). The ether may be prepared by the Mitsunobu reaction between 
5 alcohol LFGs and another alcohol where the second alcohol is acidic (pKa < 12), for 
example, phenols and oximes (Hughes et al.(Paquette, Series Editor in Chief), Organic 
Reactions, John Wiley & Sons, New York, 1992, vol. 42, pp. 335-636). R 8 may be H, 
or a straight chain or branched alkyl group of length 1 to 10, which may incorporate 
from 1 to 10 heteroatoms (N, O, P, S) within the chain. R 8 may also be appended with 
up to five R 9 groups (R 9 is alkyl, aryl, heteroaryl, carboxy ester, carboxamide, amino, 
Af-acylamino, alkoxy, hydroxy, mercapto, phosphono, sulphono). R 8 may also be an 
aryl or heteroaryl group that is optionally substituted (alkyl, aryl, heteroaryl, carboxy 
ester, carboxamide, amino, N-acylamino, alkoxy, hydroxy, mercapto, phosphono). 
The key requirement on R 8 is that the alcohol has a pKa < 12. 



15 



20 



25 



30 



CTBF —OH + HO— R 8 I CTBF f-O-R 8 



(iii). The ether may also be prepared by the Mitsunobu reaction 
between alcohol LFGs and another alcohol, where the alcohol LFGs are acidic (pK a < 
12), for example, phenols or oximes (Hughes et al.(Paquette, Series Editor in Chief), 
Organic Reactions, John Wiley & Sons, New York, 1992, vol. 42, pp. 335-636). R 8 
may be H, or a straight chain or branched alkyl group of length 1 to 10, which may 
incorporate from 1 to 10 heteroatoms (N, O, P, S) within the chain. R 8 may also be 
appended with up to five R 9 groups (R 9 is alkyl, aryl, heteroaryl, carboxy ester, 
carboxamide, amino, N-acylamino, alkoxy, hydroxy, mercapto, phosphono, sulphono). 
The key requirement on the pharmacophore substituted alcohol is that it has a pK a < 
12. 



CTBF —OH + HO— R 8 I CTBF f-O-R 8 



(c). Alternatively the library may be assembled as ester (Z =<0) or thioester (Z 
= S) BLFGs. Alcohol LFGs may be coupled with carboxylic acids (Z = O, X = OH), 
carboxylic acid derivatives (Z = O, X = OR, SR, halide), or the corresponding thio- 
substituted derivatives (Z = S, X = OH, OR, SR halide). Carboxylic acids and 
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carboxylic acid derivatives may be coupled with alcohols employing a variety of 
known methods to those practiced in the art [e.g., (March, et al., supra, pp. 392-398) 
and (e.g., Greene, et al., supra, pp. 227-228), and (Hughes et al.(Paquette, Series 
Editor in Chief), Organic Reactions, John Wiley & Sons, New York, 1992, vol. 42, 
pp. 343-347)]. R8 may be H, or a straight chain or branched alkyl group of length 1 to 
10, which may incorporate from 1 to 10 heteroatoms (N, O, P, S) within the chain. R* 
may also be appended with up to five R* groups (R? is halide, alkyl, aryl, heteroaryl, 
carboxy ester, carboxamide, amino, JV-acylamino, alkoxy, hydroxy, mercapto, 
phosphono, sulphono). R« may also be an aryl or heteroaryl group that is optionally 
substituted (halide, alkyl, aryl, halide, heteroaryl, carboxy ester, carboxamide, amino, 
//-acylamino, alkoxy, hydroxy, mercapto, phosphono). 

ff , 1_ R 8 

-OH + x^R* I ctbf V-a 



CTBF 



z = o,s 

(d). Alternatively the library may be assembled from thioether BLFGs. The 
thioethers may be prepared by the Mitsunobu reaction between alcohol LFGs and a 
thiol (Hughes et al.(Paquette, Series Editor in Chief), Organic Reactions, John Wiley 
& Sons, New York, 1992, vol. 42, pp. 365-366, 381-382). R8 ma y be H, or a straight 
chain or branched alkyl group of length 1 to 10, which may incorporate from 1 to 10 
heteroatoms (N, O, P, S) within the chain. R8 may also be appended with up to five 
R 9 groups (R9 is alkyl, aryl, heteroaryl, carboxy ester, carboxamide, amino, N- 
acylamino, alkoxy, hydroxy, mercapto, phosphono, sulphono). R8 may also be an aryl 
or heteroaryl group that is optionally substituted (alkyl, aryl, heteroaryl, carboxy ester, 
carboxamide, amino, W-acylamino, alkoxy, hydroxy, mercapto, phosphono). The 
thioether BLFGs may also be readily oxidized to more water soluble sulfoxide or 
sulfone BLFGs. 



CTBF —OH + HS— R 8 



CTBF 



— S— R £ 



(e). Alternatively the library may be assembled as carbamate (Z = O) or 
thiocarbamate (Z = S) BLFGs. 

(i). These CTBFs may be prepared by condensation of alcohol LFGs 
and isocyanates or isothiocyanates. The direct coupling of isocyanates and 

- 54 - 



isothiocyanates with alcohols is straighforward and obvious to those practiced in the 
art (March, et al., supra, pp. 891-892). R* may be H, or a straight chain or branched 
alkyl group of length 1 to 10, which may incorporate from 1 to 10 heteroatoms (N, O, 
P, S) within the chain. R» may also be appended with up to five groups (R* is 
alkyl, aryl, heteroaryl, carboxy ester, carboxamide, amino, W-acylamino, alkoxy, 
hydroxy, mercapto, phosphono, sulphono). R» may also be an aryl or heteroaryl group 
that is optionally substituted (alkyl, aryl, heteroaryl, carboxy ester, carboxamide, 
amino W-acylamino, alkoxy, hydroxy, mercapto, phosphono). 



10 



CTBF 



—OH 



Z 

Z=C=N-R 8 *■ | CTBF S o^kt 



2= °' S z = o,s 



,R 8 

H 



15 



20 



(u). These CTBFs may be prepared by condensation of alcohol LFGs 
and carbamates, thiocarbamates, or related derivatives where X is an alkoxy group, a 
mercaptyl group, or a halide. R8 may be H, or a straight chain or branched alkyl 
group of length 1 to 10, which may incorporate from 1 to 10 heteroatoms (N, O, P, S) 
within the chain. R« may also be appended with up to five R* groups (R* is alkyl, 
aryl, heteroaryl, carboxy ester, carboxamide, amino, W-acylamino, alkoxy, hydroxy, 
mercapto, phosphono, sulphono). R» may also be an aryl or heteroaryl group that is 
optionally substituted (alkyl, aryl, heteroaryl, carboxy ester, carboxamide, amino N- 
acylamino, alkoxy, hydroxy, mercapto, phosphono). 



CTBF 



R 9 "I 



R 9 

z = o,s Z = O.S 



25 These CTBFs may be prepared in a two step process (e.g., March, 

et al., supra, p. 418; and Greene, et al., supra, pp. 315-348). In the first step, the 
alcohol LFGs are converted to carbonate (Z = O) or thiocarbonate (Z = S) or related 
derivatives where X and Y are alkoxy groups, mercaptyl groups, halides, or other 
suitable leaving groups. In the second step an amine is added to< displace the leaving 

? 0 group Y. R8 and R 9 may be H, or a straight chain or branched alkyl groups of length 
1 to 10, which may incorporate from 1 to 10 heteroatoms (N, O, P, S) within the chain. 
R 8 and R9 may also be appended with up to five RlO groups (R™ is alkyl, aryl, 
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heteroaryl, carboxy ester, carboxamide, amino, A^-acylamino, alkoxy, hydroxy, 
mercapto, pholphono, sulphono). R8 and R* may also be an aryl or heteroaryl group 
that is optionally substituted (alkyl, aryl, heteroaryl, carboxy ester, carboxamide, 
amino W-acylamino, alkoxy, hydroxy, mercapto, phosphono). 



(1) 



+ >C^Y I CTBF k n "iv 



CTBF f — OH + X^Y CTBF | v. f 

z = o, S 



(2) 



10 



CTBF 



X 



+ %H . I CTBF K o^V R 



~ z = °> s R9 z = o.s *" 



(f). Alternatively the library may be assembled with thioester BLFGs. The 
thioesters may be prepared by the Mitsunobu reaction between alcohol LFGs and a 
thiol acid (Hughes et al.(Paquette, Series Editor in Chief), Organic Reactions, John 

15 Wiley & Sons, New York, 1992, vol. 42, pp. 343-347). R8 may be H , or a straight 
chain or branched alkyl group of length 1 to 10, which may incorporate from 1 to 10 
heteroatoms (N, O, P, S) within the chain. R« may also be appended with up to five 
R 9 groups (R9 is alkyl, aryl, heteroaryl, carboxy ester, carboxamide, amino, N- 
acylamino, alkoxy, hydroxy, mercapto, phosphono, sulphono). R« may also be an aryl 

!0 or heteroaryl group that is optionally substituted (alkyl, aryl, heteroaryl, carboxy ester, 
carboxamide, amino, ^-acylamino, alkoxy, hydroxy, mercapto, phosphono). 

-OH + HS-£ 8 I CTBF Us— £ a 



CTBF 



25 



30 



(g). Alternatively the library may be assembled with amide, thioamide, urea, 
thiourea, sulfonamide, carbamate, thiocarbamate (Z = S0 2 , CO, CS, C0 2 , COS, CSO, 
CONR", CSNRH.) BLFGs. Substitution of the hydroxyl LFGs are accomplished 
using the Mitsunobu reaction [ e.g., (Hughes et al.(Paquette, Series Editor in Chief), 
Organic Reactions, John Wiley & Sons, New York, 1992, vol. 42, pp. 335-636) and 
(Fukuyama, et al., Tetrahedron Letters, 38: 5831-5834 (1997) and references therein)]. 
An aliphatic hydroxyl group is prefered. R« and R9 may be H, or a straight chain or 
branched alkyl group of length 1 to 10, which may incorporate from 1 to 10 
heteroatoms (N, O, P, S) within the chain. R* and R* may also be appended with up 
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10 



15 



to five RlO groups (R 10 is alkyl, aryl, halide, heteroaryl, carboxy ester, carboxamide, 
amino, N-acylamino, alkoxy, hydroxy, mercapto, phosphono, sulphono). . R3 and R 9 
may also be an aryl or heteroaryl group that is optionally substituted (alkyl, aryl, 
halide, heteroaryl, carboxy ester, carboxamide, amino, N-acylamino, alkoxy, hydroxy, 
mercapto, phosphono). 



20 



CTBF —OH 



H. 



X 

R 9 



CTBF — 



.2-R< 



Z = S0 2l CO, CS, C0 2f COS, CSO, CONR 10 , CSNR 10 
(h). Alternatively, the library man be assembled with amine BLFGs. The 
amine BLFGs will be prepared from the BLFGs described in 6g. The acyl or sulfonyl 
functionality may be removed by methods known to those practiced in the art (such as, 
acidic or basic hydrolysis, or dissolving metal reactions for sulfonamides Greene et al., 
supra, 349-357 and 379-385). Milder conditions may be applied to more specialized 
groups, e.g., trifluoroacetamides may be cleaved by mild basic hydrolysis (Greene et 
al., supra, 353-354), and nitrosubstituted benzenesulfonamides may be cleaved by 
thiolate addition) to provide secondary amines (Fukuyama, et al., Tetrahedron Letters, 
38: 5831-5834 (1997) and references therein). Alternatively for some derivatives, 
reduction will provide tertiary amines (e.g., March, et al., supra, pp. 1212-1213). 



CTBF — 



2!-R £ 



CTBF 



— N 



CTBF — N 



.Z-R 8 



or 

reduction 



\ 



CTBF — N 



25 z = s °2. CO, CS, C0 2 , COS, CSO, CONR 10 , CSNR 10 

7. The thiol group as. the linkage functional group and the corresponding blocked 
linkage functional groups 

(a). The linkage functional group is the thiol group. These CTBFs may be 
available commercially, or may be prepared by a variety of known methods to those 
30 practiced in the art. 

Thiol CTBFs are represented as follows. 



CTBM — SH 
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(b). Alternatively the library may be assembled as thioether BLFGs. 

(0. The thioether may be prepared by reaction of a thiol LFG with an 
aryl, heteroaryl or alkyl group substituted with a leaving group X, where X may be a 
halide or a sulfonate group (OS0 2 R where R is substituted or unsubstituted alkyl or 
5 aryl, e.g. CH,, CF 3 , phenyl-CH, and phenyl-NO,). The halide could be attached to 
aromatic or heteroaromatic functionality on R», or it could be attached to an aliphatic 
group on R8. When X is substituted upon aromatic and heteroaromatic functionality, 
an S N Ar reaction or a palladium-mediated, copper-mediated or related transtion metal 
mediated coupling reaction would be performed. Where X is substituted upon alkyl 
functionality, an S N 2 or S N 1 reaction would be performed. These methods are known 
to those practiced in the art [(March et al., supra, pp. 407-409) and (Peach in Patai The 
Chemistry of the Thiol Group, pt. 1, John Wiley & Sons, New York, 1974, pp. 721- 
735)]. R8 may be H, or a straight chain or branched alkyl group of length 1 to 10, 
5 which may incorporate from 1 to 10 heteroatoms (N, O, P, S) within the chain. R« 
may also be appended with up to five R* groups (R* is alkyl, aryl, heteroaryl, carboxy 
ester, carboxamide, amino, //-acylamino, alkoxy, hydroxy, mercapto, phosphono, 
sulphono). R8 may also be an aryl or heteroaryl group that is optionally substituted 
(alkyl, aryl, heteroaryl, carboxy ester, carboxamide, amino, W-acylamino, alkoxy, 
) hydroxy, mercapto, phosphono). The thioether BLFGs may also b oxidized to more 
water soluble sulfoxide and sulfone BLFGs (March, et al., supra, pp. 1201-1203). 



CTBF — SH + x— R 



8 



CTBF — S-R 8 



(ii). The thioether may also be prepared by the Mitsunobu reaction 
between alcohol LFGs and a thiol (e.g., (Hughes et al. (Paquette, Series Editor in 
Chief), Organic Reactions, John Wiley & Sons, New York, 1992, vol. 42, pp. 335- 
636).. R8 may be H, or a straight chain or branched alkyl group of length 1 to 10, 
which may incorporate from 1 to 10 heteroatoms (N, O, P, S) within the chain. R« 
may also be appended with up to five R* groups (R* is alkyl, aryl, heteroaryl, carboxy 
ester, carboxamide, amino, W-acylamino, alkoxy, mercapto, phosphono, sulphono). 
The thioether BLFGs may also b oxidized to more water soluble sulfoxide and 
sulfone BLFGs (March, et al., supra, pp. 1201-1203). 
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CTBF f— SH + HO-R 8 



CTBF I— S— R 8 



(c). Alternatively the library may be assembled with BLFGs whereby the thiol 
LFGs are acylated (March et al., supra, p. 409). Thiol LFGs may be coupled with 
^ carboxylic acids (Z = O, X = H), carboxylic acid derivatives (Z = O, X = OR, SR, 
halide), or the corresponding thio-substituted derivatives (Z = S, X = H OR SR 
halide). Carboxylic acids and carboxylic acid derivatives may be coupled with thiols 
employing known methods to those practiced in the art. R* may be H, or a straight 
chain or branched alkyl group of length 1 to 10, which may incorporate from 1 to 10 
iQ heteroatoms (N, O, P, S) within the chain. R8 may also be appended ^ up ^ ^ 
R> groups (R9 is halide , a]kyI> ^ heteroaiyI> carbQxy ester> carboxam . de) ^ n _ 

acylamino, alkoxy, hydroxy, mercapto, phosphono, sulphono). R« may also be an aryl 
or heteroaryl group that is optionally substituted (halide, alkyl, aryl, halide, heteroaryl 
carboxy ester, carboxamide, amino, W-acylamino, alkoxy, hydroxy, mercapto, 
2 s phosphono). 

i R . , — 

— *■ CTBF — S 



CTBF I — SH + x 

z = o,s 



(d). Alternatively the library may be assembled as thiocarbamate (Z = O) or 
20 thiocarbamate (Z = S) BLFGs. 

(i). These CTBFs may be prepared by condensation of thiol LFGs and 
isocyanates or isothiocyanates. The direct coupling of isocyanates and isothiocyanates 
with thiols is straighforward and obvious to those practiced in the art (Greene et al. 
supra, p. 301). R* ma y be H, or a straight chain or branched alkyl group of length 1 to 
25 10, which may incorporate from 1 to 10 heteroatoms (N, O, P, S) within the chain. R* 
may also be appended with up to five R9 groU ps (R9 is alkyl> aryl) heteroaryJ> carbQxy 

ester, carboxamide, amino, A^-acylamino, alkoxy, hydroxy, mercapto, phosphono, 
sulphono). R8 may a]so be an ary , Qr heteroaiyl group ^ . s opt . onaiiy substjtuted 

iq (alkyl. ar yl, heteroaryl, carboxy ester, carboxamide, amino W-acylamino, alkoxy, 
hydroxy, mercapto, phosphono). 
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CTBF ^ gU + 2=C=N-R 8 | CTBF K <An- R8 



H 

2= °' S Z = O.S 



(ii). These CTBFs may be prepared by condensation of thiol LFGs and 
carbamates, thiocarbamates, or related derivatives where X is an alkoxy group, a 
mercaptyl group, or a halide. R» may be H, or a straight chain or branched alkyl 
group of length 1 to 10, which may incorporate from 1 to 10 heteroatoms (N, O, P, S) 
within the chain. R8 may also be appended with up to five R* groups (R* is alkyl, 
aryl, heteroaryl, carboxy ester, carboxamide, amino, A^-acylamino, alkoxy, hydroxy, 
mercapto, phosphono, sulphono). R« may also be an aryl or heteroaryl group that is 
optionally substituted (alkyl, aryl, heteroaryl, carboxy ester, carboxamide, amino N- 
acylamino, alkoxy, hydroxy, mercapto, phosphono). 



CTBF I — SH 



R J>9 



z = o,s z = o,s 

(ni). These CTBFs may be prepared in a two step process. In the first 
step, the thiol LFGs are converted to carbonate (Z = O) or thiocarbonate (Z = S) or 
related derivatives where X and Y are alkoxy groups, mercaptyl groups, halides, or 
other suitable leaving groups (Greene et al. supra, pp. 299-301). In the second step an 
amine is added to displace the leaving group Y. R« and R9 may be H, or a straight 
chain or branched alkyl groups of length 1 to 10, which may incorporate from 1 to 10 
heteroatoms (N, O, P, S) within the chain. R» and R* may also be appended with up 
to five R10 groups (R™ is alkyl, aryl, heteroaryl, carboxy ester, carboxamide, amino, 
W-acylamino, alkoxy, hydroxy, mercapto, phosphono, sulphono). R« and R? may also 
be an aryl or heteroaryl group that is optionally substituted (alkyl, aryl, heteroaryl, 
carboxy ester, carboxamide, amino W-acylamino, alkoxy, hydroxy, mercapto, 
phosphono). 
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(1) 



CTBF 



JL 



Y 

z = o, s 



CTBF 



(2) 



CTBF 



NH 
R 9 



CTBF 



z = o,s 



z = o,s 

(e). Alternatively the library may be assembled as disulfide BLFGs. The 
disulfides may be prepared by reacting the thiol LFGs with thiols (X = H) or activated 
thiols (X = mercaptyl, halide, sulfonyl) employing known methods to those practiced 
in the art (e.g., Greene et al., supra, pp. 302-303). R8 may be H, or a straight chain cr 
branched alkyl group of length 1 to 10, which may incorporate from 1 to 10 
heteroatoms (N, O, P, S) within the chain. R8 may also be appended with u P to five 
R 9 groups (R9 is halide, alkyl, aryl, heteroaryl, carboxy ester, carboxamide. amino. .V- 
acylamino, alkoxy, hydroxy, mercapto, phosphono, sulphono). R« may also be an aryl 
or heteroaryl group that is optionally substituted (halide, alkyl, aryl, halide. heteroary:. 
carboxy ester, carboxamide, amino, JV-acylamino, alkoxy, hydroxy, mercapto. 
phosphono). 

— SH + xs-R 8 



CTBF 



CTBF 



-S — S-R 8 



8. The isocyanate or isothiocyanate group as the linkage functional group and the 
corresponding blocked linkage functional groups 

(a). The linkage functional group is the isocyanate (Z = O) or isothicvyana:e 
(Z = S) group. These CTBFs may be available commercially, or may be prepared by a 
variety of known methods to those practiced in the art. 

Isocyanate (Z = O) or isothiocyanate (Z = S) CTBFs are represented as follows. 



CTBF — N=C=2 



z = o, S 

(b). Alternatively the library may be assembled with urea or thiourea BLFGs 
by reaction of the isocyanate (Z = O) or isothiocyanate (Z = S) LFGs with amines 
(March et al., supra, p. 903). The direct coupling of isocyanates with amines :s 
straighforward and known to those practiced in the art. R8 and may be H. or a 
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straight chain or branched alkyl groups of length 1 to 10, which may incorporate from 
1 to 10 heteroatoms (N, O, P, S) within the chain. R 8 and R 9 may also be appended 
with up to five R 10 groups (R 10 is alkyl, aryl, heteroaryl, carboxy ester, carboxamide, 
amino, N-acylamino, alkoxy, hydroxy, mercapto, phosphono, sulphono). R 8 and R 9 
may also be an aryl or heteroaryl group that is optionally substituted (alkyl, aryl, 
heteroaryl, carboxy ester, carboxamide, amino N-acylamino, alkoxy, hydroxy, 
mercapto, phosphono). 

-N=C=Z + Hfvh-R 8 - | CTBF f- N ^ N -R 8 



CTBF 



R9 " R 

z = o,s „• R 



H i 9 



(c). Alternatively the library may be assembled as BLFGs by reaction of the 
isocyanate (Z = O) or isothiocyanate (Z = S) LFGs with thiols (Green et al., supra, p. 
301). R 8 may be H, or a straight chain or branched alkyl groups of length 1 to 10, 
which may incorporate from 1 to 10 heteroatoms (N, O, P, S) within the chain. R 8 
may also be appended with up to five R 9 groups (R 9 is alkyl, aryl, heteroaryl, carboxy 
ester, carboxamide, amino, N-acylamino, alkoxy, hydroxy, mercapto, phosphono, 
sulphono). R 8 may also be an aryl or heteroaryl group that is optionally substituted 
(alkyl, aryl, heteroaryl, carboxy ester, carboxamide, amino iV-acylamino, alkoxy, 
hydroxy, mercapto, phosphono). 



CTBF — N=C=Z + HS-R 



-° 8 ' CTBF J^,A 0 ^R 8 



H 



z = o, S 

(d). Alternatively the library may be assembled as BLFGs by reaction of the 
isocyanate (Z = O) or isothiocyanate (Z = S) LFGs with alcohols (March et al,, supra, 
pp. 891-892). R 8 may be H, or a straight chain or branched alkyl groups of length 1 to 
10, which may incorporate from 1 to 10 heteroatoms (N, O, P, S) within the chain. R 8 
may also be appended with up to five R 9 groups (R 9 is alkyl, aryl, heteroaryl, carboxy 
ester, carboxamide, amino, N-acylamino, alkoxy, hydroxy, mercapto, phosphono, 
sulphono). R 8 may also be an aryl or heteroaryl group that is optionally substituted 
(alkyl, aryl, heteroaryl, carboxy ester, carboxamide, amino iV-acylamino, alkoxy, 
hydroxy, mercapto, phosphono). 
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15 



20 



CTBF 



-N=C=Z + HO-R 8 



CTBF 



z = o,s 

9. The halide or related sulfonate group as the linkage functional group and the 
5 corresponding blocked linkage functional groups 

(a). The linkage functional group is the halide leaving group or a similarly 
reactive sulfonate (X= OS0 2 R where R is substituted or unsubstituted alkyl or aryl, 
e.g. CH3, CF 3 , phenyl-CH 3 and phenyl-N0 2 ) leaving group. These CTBFs may be 
available commercially, or may be prepared by a variety of known methods to those 
1 0 practiced in the art. 

The halide and sulfonate (X= OS0 2 R where R is substituted or unsubstituted 
alkyl or aryl, e.g. CH3, CF 3 , phenyl-CH, and phenyl-N0 2 ) CTBFs may be represented 
as follows. 



25 



CTBF — X 



(b). Alternatively the library may be assembled with amine BLFGs. 

(i). The amine BLFGs may be prepared by substitution of the leaving 
group (X = halide or OS0 2 R where R is substituted or unsubstituted alkyl or aryl, e.g. 
CH3, CF 3 , phenyl-CH 3 and phenyl-N0 2 ) with amines The leaving group may be 
attached to aromatic or heteroaromatic functionality, alkenyl functionality, or it could 
be attached to aliphatic functionality. A number of methods are known to those 
practiced in the art [e.g, March, et al. supra, pp. 656-657 and 411-413; Wagaw et al., 
/. Am. Chem. Soc, 119: 8451-8458 (1997) and references therein; and Ahman et al. 
Tetrahedron Letters, 38: 6363-6366 (1997)]. When X is substituted upon aromatic 
and heteroaromatic functionality, an S N Ar reaction may be performed. If the leaving 
group X is substituted upon aromatic, heteroaromatic or alkenyl functionality, a 
palladium-mediated (or related transition metal mediated) amine coupling reaction 
may be performed . Where X is substituted upon alkyl functionality, an Sn2 or SnI 
reaction may be performed. R 8 or R 9 may be H, or a straight chain or branched alkyl 
.10 8 rou P of length 1 to 10, which may incorporate from 1 to 10 heteroatoms (N, O, P, S) 
within the chain. R 8 or R 9 may also be appended with up to five R 10 groups (R 10 is 
alkyl, aryl, heteroaryl, carboxy ester, carboxamide, amino, N-acylamino, alkoxy, 
hydroxy, mercapto, phosphono, sulphono). R 8 or R 9 may also be an aryl or heteroaryl 
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group Omi is optionally subsumed (alkyl, ary!, heteroaryl carboxv ester , h •, 
amino, N-acy.am.no, a , koxy , hydroxy , mercapto * 

CS-x + nhr'r 9 . [^r|_ NR . RS 

(ii). The amine BLFGs mav also j ■ 

5 the first ^ n , . y alS ° be P re P ared b y a two step process. In 

he first st p, subsntunon of the .eaving group X with an amide, thioamide urea 
tfnourea sulfonamide, carbamate, thiocarbamate (Z = SO, CO, CS, C0 2 , COS C O 

CONRH, CSNRH) is performed (see 0 - 0 below) X „ 

. „ . beJow) - X ma y be a halide or OSO R 

where R „ substituted or unsubstituted alkyl or ary] e fi CH CP h , ™ ' 

J—* alkeny, f unc,io.li,y, or it may be „ „ ~ 
When X ,s subs„.u,ed upon aromalic or ^ ^ ^ 

a»y,.c or alkeny, a paUadium-me.ia.ed (or reiated .ransfion meta, ntediated) amin 
, s ^reaoonrnayoepe^ed Whem X is aubafi.med upo „ ^ { J™ 
« SN2 or S Nl rea e„o„ m ay be petfood. Methods are known ,o those practiced * 

ej (MarcH e, a,., s upra , pp . 425 ^ 27 , In , he ^ 
-uncrtonaitty may be removed by methods known t0 those practiced in the art (such as 
c,d,c or basic hydroiyais, or d, ss0 ,vi„ 6 meta, reactions (or sulfonics (C^ 

20 eciZd Md 379 " 385) ' M,,dW C °" ditiOTS ^ - «** - ~ 

e 7 PS ' trinUOr0aMamid - ™> * * mdd basic hydroiysia 

u ^ 353 " 354X benzenesuKonamides may be 

craved by ,h,o,a,e addition, to provide aeconda. amines (Pukuyama, et „ 

alt : ■ 38: 5831 - 5834 <,997) and — >■ y ; 

3 r; : r re R r on wm provwe — » — ■ - * . -4, 

- » lO^whtch may incorporate from , to ,0 he.eroa.oms (N, O, P, S, wi.h.n ,he chain. 

R may also be appended „,.h up ,o five groups <r U is alkyI , ary ,, halj(fe 

r-roaryl, carboxy ester, carboxamide, amino, N .acy,am,„o, alkoxy. hydroxy' 
rnercapto, phosphono, sulphono). R s to R „ may a|sQ be m „ ^ 
".a .s opuonafiy substituttd (alky| , ^ ^ J «J 

carboxam,de, amino, N-acylamino. a ,koxy. hydroxy, mercap.o. phosphono, 
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(1) 



CTBF — x 



R 9 



CTBF 



H 



2-R 8 



R 9 



2 = S0 2 , CO, CS, C0 2 , COS, CSO, CONR 10 , CSNR 10 



(2) 



CTBF | — 



,Z-R« 



| CTBF f — f{ 



10 



15 



20 



25 



1 ^ 

CTBF \ ~\ 

R» 



reduction 



| CTBF f ~l^~ 



•R" 



.10 



(c). Alternatively the library may be assembled with ether BLFGs. The ether 
BLFGs may be prepared by displacement of leaving group LFGs with an alcohol. X 
may be a halide or a sulfonate group (OSO jR where R is substituted or unsubstituted 
alkyl or aryl, e.g. CH,, CF 3 , phenyl-CH, and phenyl-N0 2 ). The halide could be 
attached to aromatic or heteroaromatic functionality, alkenyl functionality, or it could 
be attached to an aliphatic functionality. When X is substituted upon aromatic or 
heteroaromatic functionality an S N Ar reaction may be performed. When X is 
substituted on aromatic, heteroaromatic, allylic, or alkenyl functionality a palladium- 
mediated, Cu mediated, or related transtion metal mediated coupling reaction may be 
performed performed [(e.g., March, et al., supra, pp. 654-655) and Hartwig et al. 
Tetrahedron Lett., 38: pp. 8005-8008). Where X is substituted upon alkyl 
functionality, an S N 2 or S N 1 reaction may be performed (e.g., March, et al., supra, pp. 
386-387 and 388-389). R« m ay be H, or a straight chain or branched alkyl group of 
length 1 to 10, which may incorporate from 1 to 10 heteroatoms (N, O, P, S) within the 
chain. R8 may a i so be appended with up to five R* groups (Rf is alkyl, aryl, 
heteroaryl, carboxy ester, carboxamide, amino, N-acylamino, alkoxy, ..hydroxy, 
mercapto, phosphono, sulphono). R« may also be an aryl or heteroaryl group that is 
optionally substituted (alkyl, aryl, heteroaryl, carboxy ester, carboxamide, amino, N- 
acylamino, alkoxy, hydroxy, mercapto, phosphono). 

" _o_ R 8 



CTBF —X + HO — R J 



CTBF 



(d). Alternatively the library may be assembled with thioether BLFGs. The 
thioether BLFGs may be prepared by displacement of leaving group LFGs with an 
thiol. X may be a halide or a sulfonate group (OS0 2 R where R is substituted or 
unsubstituted alkyl or aryl, e.g. CH 3 , CF,, phenyl-CH, and P henyl-N0 2 ). The halide 
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could be attached to aromatic or heteroaromatic functionality, alkenyl functionality, or 
it could be attached to an aliphatic functionality. When X is substituted upon aromatic 
or heteroaromatic functionality an S N Ar reaction may be performed. When X is 
substituted on aromatic, heteroaromatic, allylic, or alkenyl functionality a palladium- 
mediated, Cu mediated, or related transtion metal mediated coupling reaction may be 
performed. Where X is substituted upon alkyl functionality, an S N 2 or S N 1 reaction 
may be performed. These methods are known to those practiced in the art [(March et 
al., supra, 407-409) and (Peach in Patai The Chemistry of the Thiol Group, pt. 1, John 
Wiley & Sons, New York, 1974, pp. 721-735)]. R« may be H, or a straight chain or 
branched alkyl group of length 1 to 10, which may incorporate from 1 to 10 
heteroatoms (N, O, P, S) within the chain. R« may also be appended with up to five 
R9 groups (R9 is alkyl, aryl, heteroaryl, carboxy ester, carboxamide, amino, N- 
acylamino, alkoxy, hydroxy, mercapto, phosphono, sulphono). R» may also be an aryl 
or heteroaryl group that is optionally substituted (alkyl, aryl, heteroaryl, carboxy ester, 
carboxamide, amino, N-acylamino, alkoxy, hydroxy, mercapto, phosphono). The 
thioether may also be oxidized to the more water soluble sulfoxide or sulfone BLFGs 
(March et al., supra, pp. 1201-1203). 



CTBF — X + HS— R 8 



CTBF — S-R 8 



(e). Alternatively the library may be assembled with ester BLFGs. The ester 
BLFGs may be prepared by displacement of leaving group LFGs with a carboxylate. 
X may be a halide or a sulfonate group (OSO.R where R is substituted or 
unsubstituted alkyl or aryl, e.g. CH 3 , CF 3 , phenyl-CH 3 and phenyl-NO,). The halide 
could be attached to aromatic or heteroaromatic functionality, alkenyl functionality, or 
it could be attached to an aliphatic functionality. When X is substituted upon aromatic 
or heteroaromatic functionality an S N Ar reaction may be performed. When X is 
substituted on aromatic, heteroaromatic, allylic, or alkenyl functionality a palladium- 
mediated, Cu mediated, or related transtion metal mediated coupling reaction may be 
performed. Where X is substituted upon alkyl functionality, an S N 2'or S N 1 reaction 
may be performed. . Methods for these transformations are known to those practiced in 
the art [e.g., (March, et al., supra, pp. 398-399) and (e.g., Greene, et al., supra, pp. 
228-229)]. R8 may be H, or a straight chain or branched alkyl group of length I to 
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10, which may incorporate from 1 to 10 heteroatoms (N, O, P, S) within the chain. R« 
may also be appended with up to five R* groups (R* is alkyl, aryl, heteroaryl, carboxy 
ester, carboxamide, amino, N-acylamino, alkoxy, hydroxy, mercapto, phosphono, 
sulphono). R8 may also be an aryl or heteroaryl group that is optionally substituted 
(alkyl, aryl, heteroaryl, carboxy ester, carboxamide, amino, N-acylamino, alkoxy, 
hydroxy, mercapto, phosphono). 

x , , v- 

+ n^n! . y 



CTBF —X + M + O 



CTBF j — O 



10 



15 



(f). Alternatively the library may be assembled with thiolester BLFGs. The 
ester BLFGs may be prepared by displacement of leaving group LFGs with a 
thiolacid. X may be a halide or a sulfonate group (OS0 2 R where R is substituted or 
unsubstituted alkyl or aryl, e.g. CH,, CF 3 , phenyl-CIL and phenyl-N0 2 ). The halide 
could be attached to aromatic or heteroaromatic functionality, alkenyl functionality, or 
it could be attached to an aliphatic functionality. When X is substituted upon aromatic 
or heteroaromatic functionality an S N Ar reaction may be performed. When X is 
substituted on aromatic, heteroaromatic, allylic, or alkenyl functionality a palladium- 
mediated, Cu mediated, or related transtion metal mediated coupling reaction may be 
performed. Where X is substituted upon alkyl functionality, an S N 2 or S N 1 reaction 
20 may be performed. R» may be H, or a straight chain or branched alkyl group of length 
1 to 10, which may incorporate from 1 to 10 heteroatoms (N, O, P, S) within the chain. 
R 8 may also be appended with up to five R? groups (R* is alkyl, aryl, heteroaryl, 
carboxy ester, carboxamide, amino, N-acylamino, alkoxy, hydroxy, mercapto, 
phosphono, sulphono). R» may also be an aryl or heteroaryl group that is optionally 
25 substituted (alkyl, aryl, heteroaryl, carboxy ester, carboxamide, amino, N-acylamino, 
alkoxy, hydroxy, mercapto, phosphono). 

x , , y# 



CTBF —X + SH 



CTBF H ~ S ' 



.10 



(g). Alternatively the library may be assembled with urea or thiourea BLFGs. 
These BLFGs may be prepared by displacement of leaving group LFGs with a primary 
or secondary ureas (Z = O) or thioureas (2 = S). X may be a halide or a sulfonate 
group (OSQ 2 R where R is substituted or unsubstituted alkyl or aryl, e.g. CH V CF 3 , 
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10 



15 



20 



25 



.10 



phenyl-CF 3 and phenyl-N0 2 ). The halide could be attached to aromatic or 
heteroaromatic- functionality, alkenyl functionality, or it could be attached to an 
aliphatic functionality. When X is substituted upon aromatic or heteroaromatic 
functionality an S^Ar reaction may be performed. When X is substituted on aromatic, 
heteroaromatic, allylic or alkenyl functionality a palladium-mediated, Cu mediated, or 
related trans tion metal mediated coupling reaction may be performed. Where X is 
substituted upon alkyl functionality, an S N 2 or S N 1 reaction may be performed. R 8 to 
R 10 may be H, or a straight chain or branched alkyl group of length 1 to 10, which 
may incorporate from 1 to 10 heteroatoms (N, O, P, S) within the chain. . R 8 to R 10 
may also be appended with ta up to five R 11 groups (R 11 is alkyl, aryl, heteroaryl, 
carboxy ester, carboxamide, amino, N-acylamino, alkoxy, hydroxy, mercapto, 
phosphono, sulphono). . R 8 to R 10 may also be an aryl or heteroaryl group that is 
optionally substituted (alkyl, aryl, heteroaryl, carboxy ester, carboxamide, amino, N- 
acylamino, alkoxy, hydroxy, mercapto, phosphono). 



CTBF —X + ^N^NtfR 9 ^ I C TBF I— N 



R 10 ' N R 1° 



NR 8 R £ 



z = o,s 

(h). Alternatively the library may be assembled with sulfonamide BLFGs. 
The sulfonamide BLFGs may be prepared by displacement of leaving group LFGs 
with a sulfonamide. X may be a halide or a sulfonate group (OS0 2 R where R is 
substituted or unsubstituted alkyl or aryl, e.g. CH 3 , CF 3 , phenyl-CH 3 and phenyl-N0 2 ). 
The halide could be attached to aromatic or heteroaromatic functionality, alkenyl 
functionality, or it could be attached to an aliphatic functionality. When.X is 
substituted upon aromatic or heteroaromatic functionality an S^Ar reaction may be 
performed. When X is substituted on aromatic, heteroaromatic, allylic or alkenyl 
functionality a palladium-mediated, Cu mediated, or related transtion metal mediated 
coupling reaction may be performed. Where X is substituted upon alkyl functionality, 
an Sn2 or Sjsjl reaction may be performed.. These methods are' known to those 
practiced in the art [(March et ah, supra, pp.425-427) and (Fukuyama et al., 
Tetrahedron Letters, 38:5831-5834 (1997)]. R 8 may be a straight chain or branched 
alkyl group of length 1 to 10, which may incorporate from 1 to 10 heteroatoms (N, O, 
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P, S) within the chain. R« may also be appended with up to five R 9 groups (R 9 is 
alkyl, aryl, heteroaryl, carboxy ester, carboxamide, amino, N-acylamino, alkoxy, 
hydroxy, mercapto, phosphono, sulphono). R« may also be an aryl or heteroaryl group 
that is optionally substituted (alkyl, aryl, heteroaryl, carboxy ester, carboxamide, 
amino, N-acylamino, alkoxy, hydroxy, mercapto, phosphono). 

CTBF J — 1^ 



CTBF 



R 9 



R 9 

(i). Alternatively the library may be assembled with carbamate, thiocarbamate, 
or related BLFGs. These BLFGs may be prepared by displacement of leaving group 
with the corresponding carbamate, thiocarbamate, or related BLFGs. X may be a 
halide or a sulfonate group (OS0 2 R where R is substituted or unsubstituted alkyl or 
aryl, e.g. CH,, CF„ phenyl-CH, and phenyl-N0 2 ). The halide could be attached to 
aromatic or heteroaromatic functionality, alkenyl functionality, or it could be attached 
to an aliphatic functionality. When X is substituted upon aromatic or heteroaromatic 
functionality an S N Ar reaction may be performed. When X is substituted on aromatic, 
heteroaromatic, allylic or alkenyl functionality a palladium-mediated, Cu mediated, or 
related transtion metal mediated coupling reaction may be performed. Where X is 
substituted upon alkyl functionality, an S N 2 or S N 1 reaction may be performed. R8 to 
R 9 may be H, or a straight chain or branched alkyl group of length 1 to 10, which may 
incorporate from 1 to 10 heteroatoms (N, O, P, S) within the chain. . R» to R 9 may 
also be appended with up to five R" groups (RlO j s alkyl, aryl, heteroaryl, carboxy 
ester, carboxamide, amino, N-acylamino, alkoxy, hydroxy, mercapto, phosphono, 
sulphono). . R8 to RlO may also be an aryl or heteroaryl group that is -optionally 
substituted (alkyl, aryl, heteroaryl, carboxy ester, carboxamide, amino, N-acylamino, 
alkoxy, hydroxy, mercapto, phosphono. 



ctbf h-x + H -ijAyr 8 ^ r= i y~ YBi 

F? 9 



CTBF I — N 

< \,9 

R 

Z = O, S; Y = O.S 



(j). Alternatively the library may be assembled by BLFGs where the leaving 
group is replaced with carbon-based functionality. 
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(i). X may be a halide or a sulfonate group (OS0 2 R where R is 
substituted of CMsubstituted alkyl or aryi, e.g. CH 3 , CF 3 , phenyl-CH, and phenyl-N0 2 ). 
The metal (M) may be any metal, but the prefered metals are BL n , SnL„, ZnL„, ZrL n , 
CuL„, SiL n , Ti L o , Al L n , and L„ where L corresponds to metal ligands (e.g., halide, 
5 alkoxide, alkyl, aryl, alkenyl, heteroaryl, phosphine sulfide, amido) many of which are 
acceptable and are known to those practiced in the art. The halide could be attached to 
aromatic or heteroaromatic functionality, alkenyl functionality, or it could be attached 
to an aliphatic functionality. Addition can occur directly, or can be catalyzed by 
transition metals. Numerous methods are known to those practiced in the art [e.g. 
10 (Hegedus, L. S. (1994) in Transition Metals in the Synthesis of Complex Organic 
Molecules pp. 65-129, University Science Books, Mill Valley), (Knochel et al. 
Chemical Reviews 93:2117-2188 (1993)), (Miyaura et al.. Chemical Reviews 95: 
2457-2483 (1995)), and (Farina et al.(Paquette, Series Editor in Chief), Organic 
Reactions, John Wiley & Sons, New York, 1997, vol. 50, pp. 1-653)]. R« may be H, 
5 or a straight chain or branched alkyl group of length 1 to 10, which may incorporate 
from 1 to 10 heteroatoms (N, O, P, S) within the chain. R« may also be appended with 
up to five R9 groups (R9 is alkyl, aryl, heteroaryl, carboxy ester, carboxamide, amino, 
N-acylarnino, alkoxy, hydroxy, mercapto, phosphono, sulphono). R« may also be an 
aryl or heteroaryl group that is optionally substituted (alkyl, aryl, heteroaryl, carboxy 
ester, carboxamide, amino, N-acylamino, alkoxy, hydroxy, mercapto, phosphono). 



CTBF — X + M— R 8 



CTBF 



— R 



8 



(ii). X may be a halide or a sulfonate group (OS0 2 R where R is 
substituted or unsubstituted alkyl or aryl, e.g. CH 3 , CF 3 , phenyl-CH 3 and phenyl-NO,). 
The BLFGs may be prepared in a two step process. In the first step, an 
organometallic reagent is prepared where the metal (M) may be any metal, but the 
prefered metals are BL„, SnL„, ZnL„, ZrL,„ CuL„, SiL , Ti L„, Al L„, and L„ where L 
corresponds to metal ligands (e.g., halide, alkoxide, alkyl, aryl, alkenyl, heteroaryl, 
phosphine sulfide, amido) many of which are acceptable and are known to those 
practiced in the art. In the second step, carbon-carbon bond formation is performed to 
generate the BLFGs. Numerous methods for this two step process are known to those 
practiced in the art [e.g. (Hegedus, L. S. (1994) in Transition Metals in the Synthesis of 
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Complex Organic Molecules pp. 65-129, University Science Books, Mill Valley), 
(Knochel et al. Chemical Reviews 93:2117-2188 (1993)), (Miyaura et al.. Chemical 
Reviews 95: 2457-2483 (1995)), and (Farina et al.(Paquette, Series Editor in Chief), 
Organic Reactions, John Wiley & Sons, New York, 1997, vol. 50, pp. 1-653)]. R» 
may be H, or a straight chain or branched alkyl group of length 1 to 10, which may 
incorporate from 1 to 10 heteroatoms (N, O, P, S) within the chain. R« may also be 

appended with up to five R* groups (R9 is alkyl, aryl, heteroaryl, carboxy ester, 

carboxamide, amino, N-acylamino, alkoxy, hydroxy, mercapto, phosphono, sulphono). 
R 8 may also be an aryl or heteroaryl group that is optionally substituted (alkyl, aryl, 

heteroaryl, carboxy ester, carboxamide, amino, N-acylamino, alkoxy, hydroxy, 

mercapto, phosphono). 

(1) 



CTBF — X 



CTBF — M 



15 



20 



25 



30 



(2) 



CTBF — M + 



R 8 X 



CTBF 



(iii). X may be a halide or a sulfonate group (OS0 2 R where R is 
substituted or unsubstituted alkyl or aryl, e.g. CH„ CF 3 , phenyl-CH 3 and phenyl-N0 2 ). 
The halide would preferably be attached to aromatic, heteroaromatic functionality, or 
alkenyl functionality. A palladium-mediated Heck reaction or related transtion metal 
mediated coupling reaction would be performed [e.g., (de Meijere, A. et al., Angew. 
Chem. Int. Ed. Engl, 33:2379-2411 (1994) and references therein) and Heck, 
Palladium Reagents in Organic Synthesis, Academic Press, London 1985)]. For the 
alkene, R«- R 9 may be straight chain or branched alkyl groups of length 1 to 10, which 
may incorporate from 1 to 10 heteroatoms (N, O, P, S) within the chain. R»- R* ma y 
also be appended with up to five RlO groups (R™ j s alkyl, aryl, heteroaryl, carboxy 
ester, carboxamide, amino, N-acylamino, alkoxy, hydroxy, mercapto, phosphono, 
sulphono). R8- R9 m ay also be aryl or heteroaryl groups that are optionally substituted 
(alkyl, aryl, heteroaryl, carboxy ester, carboxamide, amino, N-acylamino, alkoxy, 
hydroxy, mercapto, phosphono). 

Rl ° R 9 

F? 8 



CTBF — x 



CTBF 




j10 
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or 



- H 

CTBF [ — X + H^f?~~~ 



CTBF —X + 



10 



CTBF 



-X + 



R 8 
R 9 

R 8 



CTBF 



or 



CTBF 



or 



CTBF 



H 



or 



R 8 



H 



R or 




R 8 



or 



CTBF 



CTBF 



CTBF 



R 8 




H 



H 



R 8 




H 



15 



(iv). X may be a halide or a sulfonate group (OS0 2 R where R is 
substituted or unsubstituted alkyl or aryl, e.g. CH,, CF 3 , phenyl-CH 3 and phenyl-N0 2 ). 
The halide would preferably be attached to aromatic, heteroaromatic functionality, or 
alkenyl functionality. A copper-mediated, palladium-mediated reaction, or related 
transtion metal mediated coupling reaction would be performed. Numerous methods 
are known to those practiced in the art [e.g., (March et al., supra, p. 481), 
(Sonagashira, K. in Comprehensive Organic Synthesis; Trost, B. M., Fleming, I., Eds.; 
2Q Pergamon Press: New York, 1991, vol. 3 pp. 521-549), and (Rossi et al., Org. Prep. 
Proced. Int. 27:129-160 (1995)]. For the alkyne, R* may be H, straight chain or 
branched alkyl groups of length 1 to 10, which may incorporate from 1 to 10 
heteroatoms (N, O, P, S) within the chain. R» may also be appended with up to five R*> 
groups (R9 is alkyl, aryl, heteroaryl, carboxy ester, carboxamide, amino, N-acylamino, 
25 alkoxy, hydroxy, mercapto, phosphono, sulphono). R« may also be a aryl or heteroaryl 
group that is optionally substituted (alkyl, aryl, heteroaryl, carboxy ester, carboxamide, 
amino, N-acylamino, alkoxy, hydroxy, mercapto, phosphono). 
-X + = 



30 



CTBF 



-R 8 



CTBF 



10. The alkenyl group as the linkage functional group and the corresponding blocked 
linkage functional groups 

(a). The linkage functional group is the alkenyl group. These CTBFs may be 
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available commercially, or may be prepared by a variety of known methods to those 
practiced in the art. 

CTBFs may be represented as follows, where as many as four CTBF fragments 
(A through D) may be present on the alkene functionality. 



CTBF Part A 



CTBF Part B 



CTBF Part C 

CTBF Part D 



(b). Alternatively the library may be assembled with modified alkene BLFGs. 

(i). The alkene BLFGs may be prepared by performing a transition 
metal-mediated (typically Pd) catalyzed Heck reaction or related reactions on 
trisubstituted, disubstituted or the vinyl functionalized CTBFs [e.g., (de Meijere, A. et 
al., Angew. Chem. Int. Ed. Engl, 33:2379-2411 (1994) and references therein) and 
Heck, Palladium Reagents in Organic Synthesis, Academic Press, London 1985)]. R 8 
may be a straight chain or branched alkyl group of length 1 to 10, which may 
incorporate from 1 to 10 heteroatoms (N, O, P, S) within the chain. R 8 may also be 
appended with up to five R9 groups (R» is alkyl, aryl, heteroaryl, carboxy ester, 
carboxamide, amino, N-acylamino, alkoxy, hydroxy, mercapto, phosphono, sulphono). 
R 8 may also be a aryl or heteroaryl group that is optionally substituted (alkyl, aryl, 
heteroaryl, carboxy ester, carboxamide, amino, N-acylamino, alkoxy, hydroxy, 
mercapto, phosphono). X may be a halide or a sulfonate group (OS0 2 R where R is 
substituted or unsubstituted alkyl or aryl, e.g. CH,, CF 3 , phenyl-CH 3 and phenyl-N0 2 ). 



CTBF Part A 

CTBF Part B 



-» H I CTBF Part B \ V~ 



CTBF Part C 



(ii). The alkene BLFGs may be prepared by performing a transition 
metal (typically Ru or Mo) catalyzed olefin metathesis reaction [e.g., (Grubbs et al. 
Accounts of Chemical Research 28:446-452 (1995)) and (Schuster et al. Angewandte 
Chemie-Inteniational Edition in English 36:2037-2056 (1997))]! R 8 - Rl4 may t> e 
straight chain or branched alkyl groups of length 1 to 10, which may incorporate from 
1 to 10 heteroatoms (N, O, P, S) within the chain. R 8 - Ri* may also be appended with 
up to five R10 groups (R™ is alkyl, aryl, heteroaryl, carboxy ester, carboxamide, 
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amino, N-acylamino, alkoxy, hydroxy, mercapto, phosphono, sulphono). R»- R" may 
also be aryl orTieterbaryl groups that are optionally substituted (alkyl, aryl, heteroaryl, 
carboxy ester, carboxamide, amino, N-acylamino, alkoxy, hydroxy, mercapto, 
phosphono). 

5 1 CTBF — PartA SP' + ^R" ^ I CTBF Part A !..< | CTBF— Part a k R » 

B^ H " | CTBF part B " | CTBF Part B f R" 



CTBF p ar t b 



11. Methods to Covalently Bond TBFs using the LFG with a Bifunctional Linker 
(BFL) to Produce Candidate Crosslinked Target Binding Molecules (CXL-TBFs). 



0 



TBF m 


—LFG + 


TBF n 


—LFG + 


BFL 



CXL-TBF 



Upon identification of the TBFs, crosslinking is accomplished with a BFL. All 
of the chemistry described for preparation of the BLFGs could be employed in the 
crosslinking step. One method would be to crosslink TBFs that have the same LFGs 
and employing the same crosslinking chemistry. A second method would be to 
crosslink TBFs that have the same LFGs, but employing different crosslinking 
chemistry. A third method would be to crosslink TBFs that have different LFGs 
which is most but not all cases would require different corsslinking chemistry. Each 
of these strategies use known methods to those practiced in the art. Examples of the 
three methods are provided below. 

Method 1. For example, two TBFs with aldehyde LFGs could be crosslinked 
employing a BFL that incorporates two O-substituted hydroxylamines. 

Method 2. For example, two TBFs with aldehyde LFGs could be crosslinked 
employing a BFL that incorporates one O-substituted hydroxylamine and one acyl 
hydrazide. 

Method 3. For example, one TBF with an aldehyde LFG and one TBF with an 
amine LFG could be crosslinked employing a BFL that incorporates one O-substituted 
hydroxylamine and one carboxylic acid. 

1 2Z: - r ^> H 0-|_LlnkerW^ 



I— TBF. 



A hypothetical example for the preparation of heterolinkers would be to 
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employ amino acids as heterolinkers. As shown below, the amino acid heterolinker 
serves to link TBFs with carboxylic acid LFGs to TBFs with amine LFGs. The amine 
LFG could be a primary amine or a secondary amine (not shown). Many methods that 
are known to those practiced in the art could be used to prepare the CXL-TBFs using 
amino acid heterolinkers. One of the methods is described below. 



For this sample method, the amino acid BFL is protected as the N-tert- 
butoxycarbonyl (Boc) derivative. Many jV-Boc amino acids are commercially 
available, e.g., Novabiochem (San Diego, CA) and Neosystems (Strasbourg, France). 
AM3oc protected amino acids can also be prepared by known methods to those 
practiced in the art (Bodansky et al., The Practice of Peptide Synthesis, Springer- 
Verlag, Berlin, 1984, 18-20). 

The sample method is illustrated in Scheme 1. Sample experimental 
procedures are provided below. 

Step 1 (Desai, et ah. Tetrahedron Letters, 34, 7685-7688, (1993)) 

To a suspension of polymer-bound carbodimide (1.5 mmol) in chloroform (10 
mL) is added the N-Boc protected amino acid 2 (0.55 mmol) and the amine-substituted 
TBF 1 (0.50 mmol). After the reaction mixture is shaken overnight at room 
temperature, the mixture is filtered. The resin is washed with chloroform (3 x 7.5 mL) 
and the combined filtrate is evaporated in vacuo to yield 3. 



To compound 3 (0.5 mmol) is added 5 mL of a solution of 4.0 M hydrochloric acid in 
dioxane (Aldrich, Milwaukee, WI). The solution is stirred for one hour. .at room 
temperature and then evaporated to remove the solvent and excess hydrochloric acid. 
The product is diluted with 5 mL of methanol and concentration is repeated to provide 
4. 



mL)is added intermediate 4 (0.50 mmol) and the carboxylic acid-substituted TBF 5 
(0.55 mmol). After the reaction mixture is shaken overnight at room temperature the 
mixture is filtered. The resin is washed with chloroform (3 x 7.5 mL) and the 




Step 2 



Step 3 (DesaL et al.. Tetrahedron Letters. 34, 7685-7688, (1993)) 
To a suspension of polymer-bound carbodiimide (1.5 mmol) in chloroform (10 
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combined filtrate is evaporated in vacuo to yield product 6, which is the desired CXL- 
TBF. "~" - ' 

Scheme 1 

Step 1: 



5 LJBFJ-NH, + BOCHN-I Unker f-^" g^f ^ BocHN-O^-^'H 



i _TBF„ 

O 



10 



15 



25 



30 



Step 2: 



I 1 .N—\ TBF. I 4 M HCI In dioxane "■■_] ___ — ■ 

BocHN-j Linker j-<H uJ ^ a H/f- ^Ti^T -^MjgSj 



4 



Step 3: 



4 



>_ TBF - 

H '6 



20 EXPERIMENT AT 

Unless otherwise noted, materials were obtained from commercial suppliers 
and used without further purifications. Aldehydes . were purchased from Aldrich 
Chemical Company, Inc. (Milwaukee, WI). Anhydrous dimethylsulfoxide (DMSO) 
and acetic acid were purchased from Fischer (Pittsburg, PA). Soluble CD4 (sCD4) 
was purchased from Intracel Corporation (Issaquah, WA), g P 120 and anti-gpl20 
antibody were purchased from DuPont (Wilmington, DE) and o-phenylenediamine 
peroxidase substrate tablet sets were purchased from Sigma Chemical Co. (St. Louis, 
MO). Reactions were carried out in commercially available Beckman 2 ml deep-well 
microliter plates. 

EXAMPLE I 

Pharmacophore Recombination for the Identifica tion of Compounds Canahle nf 
Inhibitin g the Interaction Between pp120 and CD4 
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To demonstrate the principle of pharmacophore recombination, we established 
a biochemical screen for the inhibition of gpl20-CD4 binding. This assay measures 
the ability of small molecules to inhibit the binding of gpl20 to sCD4 that is 
immobilized on a microtiter plate. Binding of sCD4 was quantified with an anti- 
> gpl20 antibody conjugated to horseradish peroxidase. 

General procedure for the synthesis of an oxime compound library 

For several reasons, we chose to initially employ O-methyl oximes, rather than 
aldehydes, for the initial compound building block library. First, O-methyl oximes 
best model the pharmacophore units in the final oxime coupled dimers. Second, O- 
methyl oximes are more soluble in aqueous solution than their more hydrophobic 
aldehyde precursors. Also, the oxime functionality is clearly not inherently toxic and 
does not interfere with good pharmacokinetics or cell permeability since oximes are 
present in many drugs. Finally, the O-methyl oximes are easily prepared in a single 
step condensation of aldehydes with O-methyl hydroxylamine, without requiring 
purification of the resultant product. The chemical condensation of an aldehyde with 
O-methyl hydroxylamine to provide an oxime compound is shown in Figure 1. 

In the first step of the method, the initial oxime library was synthesized by 
separately condensing O-methyl hydroxylamine with 252 different aldehydes in a 
DMSO solution. The oxime library was prepared in a spatially separate fashion in a 
microtiter plate format such that each well contained a single oxime compound. More 
specifically, in each well of a microtiter plate, a DMSO solution of an unique aldehyde 
(0.188 ml, 0.15 M, 0.028 mmol) was added. To this solution, a DMSO solution of O- 
methyl hydroxylamine (0.083 ml, 0.5 M, 0.042 mmol) was then added followed by 
addition of a DMSO solution of acetic acid (0.023 ml, 0.5 M, 0.01 1 mmol). The plates 
were allowed to sit at room temperature overnight during which time condensation 
occurred, thereby providing the 252 member library of oxime compounds. 
Assay to determine which oxime compounds are capable of inhibiting the 
interaction between gpl20 and CD4 

The 252 member oxime compound library prepared as described above was 
then screened for the presence of compounds capable of inhibiting the interaction 
between gpl20 and CD4 in a standard ELISA assay. For the gpl20-CD4 ELISA 
assay, an ImmuIon-2 microtiter plate was incubated overnight at 4 °C with 70 ng of 



- 77 - 



10 



15 



20 



25 



30 



sCD4 in 100 nl of carbonate buffer. The solution was removed from the plate and 
washed three times with phosphate buffered saline (PBS) at pH 7.4. The plate was 
blocked with 150 Ml PBS-Tween-BSA (0.5% BSA, 0.05% Tween-20) for 1 h at room 
temperature and then washed again. g P 120 (1 ng) in 50 \il of PBS and 50 nl of test 
i organic oxime compound (3 mM), 40 ill PBS, 10 \il were added and incubated for 1 h 
at room temperature. The plate was then washed and 100 ul of anti-gpl20 conjugated 
horseradish peroxidase was added and incubated for 1 h at room temperature. The 
bound gpl20 was then quantitated with o-phenylenediamine as a substrate. 

The results of these assays demonstrated that 30 of the 252 oxime compounds 
were capable of inhibiting the interaction between gpl20 and CD4, wherein the 
approximate EC^ values ranged from about 20 uM to 500 jxM. The structurally 
related aldehyde analogs of 30 of these oximes showed diverse structural motifs 
including chromones, phenols and furans (see Figure 2). 

Cross-Unking of the top 30 structurally related aldehyde analogs to produce a 
library of candidate compounds and screening of those candidate compounds for 
the ability to inhibit the interaction between gpl20 and CD4 

Each of the 30 structurally related aldehydes analogs corresponding to the 30 
oxime compounds identified above as being capable of inhibiting the interaction 
between gpl20 and CD4 were individually coupled to each of the other 29 aldehydes 
with a variety of linkers to produce a library of candidate compounds for binding to 
the target molecule. Each of the 30 individual aldehydes was linked with another 
aldehyde through an O.O'-diamino-alkanediol linker to obtain the library of cross- 
linked candidate compounds. Each aldehyde combination was kept spatially separate, 
but an equimolar mixture of five different O.O'-diamino-alkanediol linkers were-used 
in each coupling reaction to provide a 450-member library of cross-linked candidate 
compounds. The chemistry used for preparation of the compounds is shown in Figure 
3 showing the synthesis of both homodimers and heterodimers. 

The five linkers employed each consisted of two hydroxylamine groups 
tethered to an aliphatic chain having either two, three, four, five or six methylene units. 
This allowed us to evaluate any distance dependency the two pharmacophores may 
have in the binding site. Linkers were prepared as follows. To a round-bottomed flask 
was added alkyl dibromide (20.2 mmol), AMiydroxyphthalimide (36.8 mmol, -1.8 
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equiv) and dimethylformamide (90 ml). The flask was cooled to 0 °C and 1,8- 
diazabicyclo[5.4.0]undec-7-ene (40.5 mmol) was added dropwise with stirring. The 
reaction was allowed to warm to room temperature and was then stirred overnight. 
The reaction mixture was then poured into 1M HC1 (500 ml). The resulting white 
5 solid precipitate was washed with water (3 x 50 ml) and methanol (3 x 50 ml) and sent 
onto the next step without further purification. 

13.9 mmol of the crude bis-N-alkoxyphthalimide was then added to a round- 
bottomed flask in combination with dimethoxyethylene glycol (150 ml). To another 
flask was added hydrazine monohydrate (41.8 mmol, 3 equiv.) and dimethoxyethylene 
10 glycol (100 ml). The suspension of bis-JV-alkoxyphthalimide was added slowly with 
stirring to the hydrazine solution. The flask was refluxed for 3 h, allowed to cool to 
room temperature and the resulting precipitate was filtered away. The remaining 
supernatant solution was concentrated and the resulting yellowish-oil was purified by 
Kugelrohr distillation (0.01 mm Hg, 60-70 °C) and column chromatography (89:9:2 
15 CHCl 3 /MeOH/NH 4 OH). 

For 0,0'-diamino-l,4-butanediol), the general synthesis procedure described 
above was followed. IR (film from CI^Cl,): 3412.8, 3310.0, 2942.7, 2866.3 cm'. 'H 
NMR (400 MHz, CDC1 } ): 5 5.31 (br s, 4H), 3.65 (m, 4H), 1.57 (m, 4H). I3 C NMR 
(400 MHz, CDC1 3 ): 8 75.5, 24.8. Anal. Calcd for C 4 H 12 0 2 N 2 : C, 39.99; H, 10.07; N, 
23.32. Found: C, 40.17; H, 9.90; N, 23.12. 

Once the five linkers were obtained, the 450 linked aldehyde combinations 
were prepared as follows. In each well, a DMSO solution of each of two different 
aldehydes (0.045 ml, 0.15 M, 0.007 mmol each) was added. To this solution, a DMSO 
. solution of an equimolar mixture of the five linkers (0.025 ml, 0.3 M of each linker, 
0.007 mmol) was added followed by a DMSO solution of acetic acid (0.005 ml, 0.5 M, 
0.003 mmol). The plates were allowed to sit at room temperature overnight to allow 
for potential ligand formation. 

Each of the 450 members of the potential ligand library was then tested at a 
concentration of 100 uM each (i.e., a concentration that is 10-fold more dilute than the 
concentration employed in the initial oxime monomer screen) for the ability to inhibit 
the interaction between gpl20 and CD4 using the ELISA assay described above. The 
results from these assays demonstrated that more than 300 of the 450 members of the 
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potential ligand library showed greater than 50% inhibition activity at the 
concentration empl6yed. When the 450 members of the potential ligand library were 
tested at a concentration of 1 \xM each for the ability to inhibit the interaction between 
gpl20 and CD4, 17 of the ligands showed greater than 50% inhibitory activity at that 
concentration. The chemical structures of 12 of the 17 most active aldehyde 
precursors are shown in Figure 4. 
Evaluation of linker length dependence on activity 

The 17 linked aldehyde combinations with the greatest activity were then 
resynthesized as described above with a unique linker per well (85 separate wells) so 
as to evaluate any linker-length dependency on binding. Screening each of the 85 
ligand compounds at 1 \iM each showed that ligands that incorporated pharmacophore 
1 (see Figure 5) were more potent than the other ligands and that there indeed was a 
dependence upon linker length. Specifically, ligands with linkers having either 4 or 5 
methylene units were much more active than ligands with linkers having 6 methylene 
units, whereas ligands with linkers having either 2 or 3 methylene units were only 
slightly more active than ligands with linkers having either 4 or 5 methylene units. 
Biological and Analytical Characterization of Representative Ligands 

One of the ligands that exhibited strong activity for inhibiting the interaction 
between gpl20 and CD4 (as shown in Figure 6) was resynthesized with each of the 
five different linkers on a large scale and was then purified by column 
chromatography. Column chromatography purification enabled isolation of the 
heterodimer from the homodimer. 

Large scale synthesis of organic oxime compounds was performed as follows. 
To a flame-dried round-bottomed flask was added aldehyde (0.82 mmol) and DMSO 
(8 ml). A 0.9 M 0-methyl hydroxylamine (1.4 ml) was then added and the reaction 
mixture was allowed to stir at room temperature overnight. The reaction was poured 
into methylene chloride (50 ml), washed with FLO (3 x 20 ml), dried and concentrated. 
Silica gel chromatography provided the pure organic oxime compounds. 

The oxime compounds made by this method were characterized as follows. 
O) O-methvl oxime of 6-nitropiperonal 

Reaction of 6-nitropiperonal with O-methy! hydroxylamine provided 
predominantly one oxime isomer which was purified by silica gel chromatography 
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(10:90, EtOAc/hexanes). 'H NMR (400 MHz, CDC1 3 ): 8 8.61 (s, 1H), 7.53 (s, 1H), 
7.37 (s, 1H), 6.15 (s, 2H), 4.00 (s, 3H). Anal. Calcd for C^,0 5 N 2 : C, 48.22; H, 3.60; 
N, 12.50. Found: C, 48:40; H, 3.75; N, 12.56. 

5 (2) O-methvl oxime of 6.8-dichloro-3-formvlchromnne 

Reaction of 6,8-dichloro-3-formylchromone provided 1:1 cis/trans isomers 
which were isolated by silica gel chromatography (20:80, CH 2 Cl 2 /hexanes). 

Isomer 1: 'H NMR (400 MHz, CDC1 3 ): 8 8.48 (s, 1H), 8.24 (s, 1H), 8.12 (d, 1H, J = 
0 2.5), 7.75 (d, 1H, J = 2.5), 3.97 (s, 3H). Anal. Calcd for C I1 H 7 0 3 NC1 2 : C, 48.56; H, 
2.59; N, 5.15. Found: C, 48.44; H, 2.47; N, 5.03. 

Isomer 2: 'H NMR (400 MHz, CDC1 3 ): 8 9.45 (s, 1H), 8.12 (d, 1H, /= 2.5), 7.75 (d, 
2H, J = 2.5), 4.07 (3H). Anal. Calcd for C..HANCL.: C, 48.56; H, 2.59; N, 5.15. 
Found: C, 48.45; H, 2.49; N, 5.11. 

Large scale synthesis of oxime ligands was performed as follows. To a flame- 
dried round-bottom flask was added 10 ml of DMSO and 1.03 mmol of each of the 
two aldehydes to be incorporated into the ligand. After all solids were dissolved, a 
solution of the appropriate linker (1.24 mmol) in 1 ml of DMSO was added dropwise, 
followed by the addition of acetic acid (0.72 mmol). The reaction mixture was 
allowed to stir at room temperature overnight. The reaction was then poured into 
methylene chloride (50 ml), washed with FLO (3 x 20 ml), dried and concentrated. 
Silica gel chromatography provided the isolated homo/heterodimers. Cis/trans 
isomers, when present, were not separated and were purified as mixtures of isomers. 
The oxime dimers made by this method were characterized below. 
0) Oxime heterodimer o f 6.8-dichloro-3-formvlchromone and 6-nitropjperonal. 
linker containing 4 methylene units 

The heterodimer was separated from the homodimers by silica gel 
chromatography (20:80, EtOAc/hexanes). The heterodimer was isolated and 
characterized as a 1:1 mixture of cis/trans isomers. Anal. Calcd for C 22 H l7 O g N 3 CI 2 : C, 
50.59; H, 3.28; N, 8.05. Found: C, 50.70; H, 3.40; N, 7.89. 
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Isomer 1: 'H NMR (400 MHz, CDC1 3 ): 5 9.42 (s, 1H), 8.55 (s, 1H), 8.00 (s, 1H), 
7.67 (m, 2H);T.39- (s, 1H), 7.27 (s, 1H), 6.09 (s, 2H), 4.22 (m, 4H), 1.84 (m, 4H). 

Isomer 2: "H NMR (400 MHz, CDC1 3 ): 5 8.54 (s, 1H), 8.41 (s, 1H), 8. 16 (s, 1H), 
7.99 (s, 1H), 7.67 (s, 1H), 7.40 (s, 1H), 7.24 (s, 1H), 6.08 (s, 2H), 4.22 (m, 4H), 1.83 
(m, 4H). 



(2) Qxime heterodimer of 6,8-dichloro-3-formvl.hm^ one and ^ nitr ^ r , r ^ 
linker containing 5 methylene units 

The heterodimer was separated from the homodimers by silica gel 
chromatography (20:80, EtOAc/hexanes). The heterodimer was isolated and 
characterized as a 1.5:1 mixture of cis/trans isomers. Anal. Calcd for C 23 H 19 0 8 N 3 C1 2 : 
C, 51.51; H, 3.57; N, 7.83. Found: C, 51.68; H, 3.70; N, 7.66. 

Isomer 1: 'H NMR (400 MHz, CDC1 3 ): 5 8.62 (s, 1H), 8.47 (s, 1H), 8.24 (s, 1H), 8.10 
(s, 1H), 7.74 (s, 1H), 7.73 (s, 1H), 7.37 (s, 1H), 6.14 (s, 2H), 4.20 (m, 4H), 1.8 (m, 
4H), 1.53 (m, 2H). 

Isomer 2: 'H NMR (400 MHz, CDC1 3 ): 5 9.47 (s, 1H), 8.61 (s, 1H), 8.11 (s, 1H), 7.75 
(s, 2H), 7.48 (s, 1H), 7.33 (s, 1H), 6.14 (s, 2H), 4.30 (t, 2H, J = 6.6), 4.20 (m, 2H), 
1.80 (m,4H), 1.53 (m,2H). 

These purified heterodimers and homodimers were then tested as described 
above for the ability to inhibit the interaction between gpl20 and CD4. The results of 
these assays demonstrated that heterodimers shown in Figure 6 having a linker 
containing from 2 to 5 methylene units exhibited EC^'s ranging from 0.6 to 1.5 yiM 
and showing 10- to 20-fold enhancement in inhibitory activity over the compound 
shown in Figure 5 (EC 50 in the range of about 10-15 uM). The other compound that 
was incorporated into the heterodimer had an EC S0 of greater than 50 juM. 

The heterodimers shown in Figure 6 having linkers containing from 2 to 5 
methylene units are of comparable potency to the most potent compounds that have 
been identified to date that block the CD4/gpl20 interaction (Tanaka et al., /. 
Antibiotics 50:58 (1997), Sun et al., J. Antibiotics 49:689 (1997), Jarvest et al., Bio. 
Med. Chem. Lett. 3:2851 (1993) and Chen et al., Proc. Natl. Acad. Sci. USA 89:5872 
(1992)). In addition, these ligand heterodimers are considerably less complex than 
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previously identified compounds with comparable activity. Further optimization of 
the optimal building block and linker combinations could presumably be accomplished 
by evaluating a larger range of linkers with enhanced rigidity or by incorporating 
analogs of the optimal aldehyde precursors. 
5 EXAMPLE 2 

Pharmacophore Recombination Using N ,N-Dimethvlamines and Other Diamine 

Linkers 

In addition to the use of aldehydes and oximes for the pharmacophore 
recombination method as described above, additional chemistries also find use. In this 
10 example, the organic compound building blocks are N.N-dimethylamine compounds 
that are prepared by reductive amination of starting aldehydes and dimethylamine 
using support-bound triacetoxyborohydride (Kaldor et al., Tetrahedron Lett. 37:7193- 
7196 (1996)). The chemistry of these reactions is shown in Figure 7. Removal of the 
support-bound reducing agent by filtration followed by concentration to remove the 
15 volatile, excess dimethylamine then provides the pure N.N-dimethylamine monomer 
building blocks. Alternatively, the N.N-dimethylamine building blocks may be 
obtained by reduction using a sodium borohydride-based reducing agent in solution. 
The resulting amine product is then isolated from the excess reducing agent or 
aldehyde by passing down an acidic ion exchange column. The amine product is then 
20 obtained by elution from the ion exchange column with a volatile amine such as 
ammonia followed by concentration. 

Linkage of the N,N-dimethylamine building blocks can be accomplished 
through the use of diamine linkers of which many are commercially available and 
many more can be readily prepared using well known methodology. The commercial 
25 availability of the diamine linkers allows rapid optimization of linker length, rigidity 
and orientation. An exemplary synthesis sequence is shown in Figure 8. Specifically, 
support-bound chloride (3) (or other support-bound halide) is treated with excess of a 
diamine to provide an amine-derivatized support (4). Acylation of the amine 
functionality then provides support-bound formamide or carbamate (5). Reduction 
30 then provides support-bound secondary amine (6). Reductive amination then 
introduces one of the pharmacophore elements (7). Acid treatment then releases a 
secondary amine from the support, which can then be treated with the second 
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pharmacophore monomer and sodium triacetoxyborohydride to provide the desired 
pharmacophore heterodimer (either support-bound reagent or alternative scavenging 
methods may be employed). Initial attachment of the diamine to the support can be 
accomplished using other support-bound alkyl halides or could be accomplished by 
reductive amination of a support-bound aldehyde or ketone. Fewer linkers are 
available that contain two secondary amine groups, but these can also be incorporated, 
in this case, the acylation step (4 to 5 in Figure 8) and the subsequent reduction step (5 
to 6 in Figure 8) would be eliminated. 

The foregoing description details specific methods which can be employed to 
practice the present invention. " Having detailed such specific methods, those skilled in 
the art will well enough know how to devise alternative reliable methods at arriving at 
the same information in using the fruits of the present invention. Thus, however, 
detailed the foregoing may appear in text, it should not be construed as limiting the 
overall scope thereof; rather, the ambit of the present invention is to be determined 
only by the lawful construction of the appended claims. All documents cited herein 
are expressly incorporated by reference. 
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